Chapter 3

MANUAL MATERIALS HANDLING

RorerT B. Dick, STEPHEN D. HUubock, MING-LUN LU, THOMAS R. WATERS',

AND VERN PUTZ-ANDERSON*

Manual handling 15 defined by the Infernational Organization for
Standardization as any activity requiring the use of human force
to lift, lower, catry or otherwise move, or resirain an object,
including humans and animals.! Manual materials handling
(MMH) excludes aniinate items as objects in such activities, The
main risk factors associated with the development of injuries
with MMH tasks are forceful exertions, awkward postures,
repetitive motions, pressute points, and static postures.? Many
different types of jobs or occupations require MMI activities
including moving household goods, warehouse handling, truck
unloading, inventory restocking, production line loading and
‘unloading, baggage handling, container loading and emptying,
ransferving material goods, and delivering packages.

" Nongovernmental researchers annually examine US Bureau
of Labor Statistics (BLS) injury data to ascertain which work-
‘place events caused an employee 1o miss six or more days of
‘work. Those workplace events are then ranked by wtal workers’
compensation costs, For the year 2012, the most recent informa-
tion available, the leading cause of disabling injury was overex-
‘ertion involving outside sowves. This event category includes
injuries resulting from lifting, pushing, pulling, bolding, carry-
ing, or throwing, all primarily MMH activities, These events cost
S businesses $13.1 billion in direct costs and accounted for
“over 25% of the overall national disabling injury burden.?

© In 2011 approximately 3 million workers in private industry
-and 821 000 in state and local government experienced a nonfatal
‘occupational injury or fliness with an estimated cost 1o the US
‘economy of $200 biltion annually.* High-tisk occupations, which
#The fndings and conchusions in this chapier are those of the authors

‘and do sot necessarily represent the views of the Nationa! Institute

‘for Qccuparional Safety and Health.
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are defined as one where the days-away-from-work (DAFW) rate
is at least twice the DAFW rate of 113.3 cases of injury and ill-
nesses per 10000 full-ime employees (FTEs), included two
occupations with more than a million workers where MMH
activites are involved, These were diivers {sales and trucks) and
hand laborers (freight, stock, and material movers).* The esti-
mated number of drivers was 2 721 000 and the DAFW rate was
3294710 000 FIE, and for hand laborers the number employed
was 1 616 000 and the DAFW rafe was 440.3/10 000 FTES

Musculoskeletal disorders (MSDs), as defined by the
BLS, include soft tissue injuries to the trunk and upper and
iower extremities and occurred at a rate of 35.8 days-away-
from-work cases per 10 000 FTE in 2013 {including private
and state and local government).® The MSD rate for trans-
portation and warehousing was 80.3 cases per 10 000 full-
time workers which was more than twice the MSD rate for
all private industry sectors. MSDs accounted for 33% of all
reported itlness and injury cases in 2013, Nursing assistants
and laborers and freight, stock, and material movers showed
the greatest number of MSD cases in 2013,

This chapter provides an overview of the hazards associ-
ated with MMH., It will focus on muscular strains and
sprains, primarily in the torso or extremities. The prevention
of these injuries requires sufficient knowledge to both iden-
iify workplace hazards and implement changes in the job or
process that will reduce or eliminate these hazards.

OCCUPATIONAL SETTING

MMH poses a risk of injury to many workers; injury is more
likely to oceur when workers perform tasks that exceed their
physical capacities. In addition, the physical capacities

Plivsical and Riological Hazurds of the Workplace, Third Edition. Edited by Gregg M. Stave and Peter H. Wald.

-& 2017 John Wiley & Sons, inc. Published 2017 by John Wiley & Sons, Inc,



PHYSICAL and BIOLOGICAL HAZARDS of the WORKPLACE

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.

The BLS reports that in 2013 there were 1.6 million
DAFW cases in private indusiry and state and local govern-
ment.® The overall incidence rate of nonfatal occupational
injury and iliness cases requiring DAFW (o recuperate was
109.4 cases per 10 000 FTE. When the BLS data is broken
down by body part, the incidence rate for trunk injuries is
26.4 per 10000 FTE (20.0 for back). The rate for lower
exiremity (e.g., knee, ankle, foot) is 24.8 and upper extrem-
ity (e.g., shoulder, arm, wrist, hand) is 32.5.°

A recent report by the National Safety Council indicated
that the total number of nonfatal private industry occupational
injuries and illnesses involving DAFW was 905690 cases in
2012.8 Overexertion was reported for 3 31 130 cases, and lift-
ing and lowering activities accounted for 106210 of these
cases. On a percentage basis, the parts of the body affected
that related to MMH activities were trunk (including the back)
(20.4%), upper extremities (shoulder, arm, wrist, hand)

(23.9%), lower extremities (knee, ankle, foot, or toe} (18.1%), -

and neck (1.3%). Transportation and warehousing, the indus-
try sector where MMH activities prevail, had 89260 nonfatal
DAFW cases in 2012, On a percentage basis, the parts of the
body affected that related to MMH activities were trunk
(including the back) (21.7%), upper extremities (shoulder,
arm, wrist, hand) (21.8%), lower extremities (knee, ankle,
foot, or toe) (19.5%), and neck (2.1%). The average total
workers’ compensation incurred costs per claim for paris of
the body associated with MMH activities for 2011-2012
reported by the National Safety Council were as follows:
(i) arm/shoulders, $42742; (if) lower back, $384972; (iii) upper
back, $34297; (iv) muliple trunk/abdomen, $22361; and
(v} hand/fingers/wrist, $21726.% The actual percentage of
workers employed in jobs that require MMH tasks is difficull
to determine, but three recent surveys of the American work-
force indicate that a large percentage of workers are in jobs
that require heavy lifting and/or hand movements, which are
two indicators of MMH. The three surveys were conducied
in 2002, 2006, and 2010 and roughly indicate that 48% of
respondents had jobs that required these activities.”

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 verte-
bral bodies. These vertebral bodies rest atop one another and
are separated by the cartilaginous intervertebrat disks, which
act as “shock absorbers.” The vertebral bodies and disks are
held together by two sets of ligaments, The posterior spine
is made up of the additional bony structures of the vertebral
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peduncles and laminae, which together form the spinal canal.
The facet joints, which join two adjacent vertebrae, and the
fateral 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 nonbony support
for stability. Bony support is provided by the intervertebral
disks and the facet joints. Nonbony support comes from the
ligaments and the attached musculature. As the bony struc-
tures 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, abdomen, 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. An excellent
compilation of the anatomy and clinical conditions involv-
ing the lumbar spine is available in another publication, "

PATHOPHYSIOLOGY OF INJURY
AND RISK FACTORS

The interpretation of the research linking work-related MSDs
and MMH is problematic because of the high prevalence of
certain disorders in the general population, such as low back
pain (LBP), which have a frequent association with nonoccu-
pational factors, In addition, the relationship is further obscured
by the wide range of disorders, the nomspecific nature of the
condition, and the general lack of objective data relating differ-
ent risk factors to overexertion injury. In 1997, the National
Institute for Occupational Safety and Health (NIOSH} pub-
lished an extensive review of the epidemiologic literature that
assessed the strength of the association between specific work
factors and certain upper extrentity and lower back MSDs, The
NIOSH researchers identified more than 2000 studies, examn-
ined more than 600 epidemiologic studies, and published a
comprehensive review of the epidemiologic studies of back
and upper extrernity MSDs and cccupational exposures.'!

A 2001 report by the National Research Council’s
Institute of Medicine summarized a review of the literature
on work-related risk factors for low back pain by stating
“there is a clear relationship between low back disorders and
physical load imposed by manual material handling, fre-
quent bending and twisting, physically heavy work and
whole body vibration,™® A systematic review conducted by
da Costa and Vieira"® examined 1761 studies published since
the NIOSH'! review on work-related musculoskeletat disor-
ders and concluded that there was reasonable evidence for
causal relationship with heavy physical work and MSDs,
The most frequently reported risk factors for MSDs were
excessive repetition, awkward postures, and heavy lifting,
which are activities involved in MMH."?



tis generally recognized that musculoskeletal injuries
a function of a complex set of variables, including aspects
job design, work environment, and personal factors.
reover, work-related MSDs may result from direct
ma, a single exertion (overexertion), or multiple exer-
's: (repetitive trauma); typically, it is difficult to determine
specific nature of the causal mechanism. A variety of
ual handling activities increase a worker’s risk of devel-
1g an MSD, including jobs that involve a significant
sunt of manual lifting, pushing, pulling, or carrying and
equiring awkward postures, prolonged standing or sit-
,-or exposure to cyclic loading (whole-body vibration).
ddition to these frequent patterns of usage, a variety of
sonal and environmental factors may affect the risk of
eloping an MSD. Risk factors increase the probability
_:ccurrence of a disease or disorder, though they are not
essarily causal factors, For the problem of low back inju-
nvolving MMH, four categories of risk factors have
n identified by epidemiologic studies—personal, envi-
mental, job related, and psychosocial/organizational:

Personal risk factors are conditions or characteristics
f the worker that affect the probability that an overex-
rtion injury may occur. Personal risk factors include
- attributes such as age, gender, level of physical condi-
_tioning, strength, and medical history.

‘Environmental risk factors are conditions or character-
- Istics of the external surroundings that affect the probability
hat an overexertion injury may occur. Environmental
risk factors include attributes such as temperature, light-
- ing, noise, vibration, and friction at the floor.

- Job-related risk factors are conditions or characteris-
tics of the MMH job that affect the probability that an
“overexertion injury may occur. Job-related risk factors
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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, frequency of handling, and the grip forces
required to move an object. These factors should be
identified because they may be very important for pre-
venting the magnitude of physical hazards to the worker.

= Psychosocial/organizational factors are factors related
to the social or organizational environment such as
occupational stress, job satisfaction, monotonous work,
social support at work, perceived work demands, etc.
The mechanisms for how these factors might increase
the risk of MSDs is not fully understood, but research
shows strong associations with increased physiological
and biomechanical responses with MMH activities.”™

A tabular presentation of risk factors is provided in Table 3.1.

Work-related MSDs attributed to MMH can result from a
direct trauma, a single overexertion, or repetitive loading.
It may not always be possible to determine the specific cause
of the injury, and the pathology of many types of MSDs is
poorly understood. Personal risk factors such as age, fatigue,
and concomitant diseases can modify the way the body
responds to stressful exertions. Therefore, an injury can
occur at different loading levels for different workers. Even
for an individual worker, a load may be tolerable one day
and excessive on another day due to fluctuations in muscular
strength and aerobic fitness.'

Our knowledge of job-related, environmental, and
personal risk factors is far from complete, but more recent
research has included a broader range of relevant risk factors
in the studies. An important review conducted by Ferguson
and Marras® led to increased attention to multiple risk
factors, highlighting the role that psychosocial factors play in
affecting the risk of injury that may be as important as the

ABLE 3.1 Risk factors associated with manual material handling injuries.

factors - " Environmental ' Job-related faptqiﬁs RISttt o i Psychosocialjfécl;ors‘{-
- factors T el S
Humidity Location of Joad relative to the worker Occupational stress
nthropometry (height Light Distance object is moved Job satisfaction
Noise Frequency and duration of handling Monotonous work
activity

Vibration Bending and twisting Social support at work
Foot traction Weight of object or force required to High perceived work

tomical abnormality

move object
Coupling/grip strength required
Stability of the load

demands
Job control

Time to complete work
tasks
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actual physical demands of the job. The data showed that an
increase in perceived job demands coupled with a decrease in
workers’ job control and social support led to an increase in
physical changes in the worker such as increased muscle ten-
sion, lower endurance, and inodified body mechanics. Recent
systematic reviews'>'%!7 have helped sharpen the focus on
which risk factors are the most likely to result inMSDs.
Work-related MSDs are a function of a complex set of
variables that include aspects of personal, environmental,
job-related, and psychosocial factors. Considerable evidence
exists that MMH activities can lead to MSDs, especially to
the low back, and MSDs are attributable to numerous risk
factors that can be considered in the design of a safe work-
place. The interpretation of research findings linking MSDs
and MMH is not without problems because of the high prev-
alence of LBP in the general population and its frequent
association with nonoccupational factors. Additionally,
significant risk associations can be obscured by a wide range
of nonspecific disorders and the general fack of objective
data relating different risk factors to overexertion injuries.

MEASUREMENT ISSUES
According to the Occupational Safety and Health Admini-
stration (OSHA) a “worksite analysis involves a variety of

worksite examinations to identify not only existing hazards,

TABLE 3.2 Ergonomic assessment tools.

but also conditions and operations in which changes might
create hazards, Effective management actively analyzes the
work and the worksite, to anticipate and prevent harmful
occurrences.”’® A variely of ergonomic measurement toofs
are available for the evaluation of MMH tasks, especially
manual lifting tasks, These tools range in complexity from
simple checklists, which are designed to provide a general
indication of the physical stress associated with a particular
MMH job, to complicated computer models that provide
detailed information about specific risk factors, Excellent
reviews have been published summarizing the various
methods and tools used in ergonomic assessments that can
help in choosing an assessment method that will best fit a
worker population.'®? Table 3.2 summarizes a variety of
ergonomic assessment tools and offers a brief description of
their advantages and disadvantages.

Ergonomic measurement tools provide objective infor-
mation about the physical demands of manual handling tasks
that will help the user develop an effective prevention strat-
egy. 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 capac-
ity of the workers.”? Any assessment of physical stress or
human capacity is complicated by the influence of a vari-
ety of psychosocial factors, including work performance,
mativation, expectation, and fatigue tolerance.

Assessment tool © - Advantages- - - Disadvantages = .. o o
Checklists * Simple to use = Do not provide detailed information about the
¢+ Best suited for use as a preliminary assessment tool specific risk factors -
« Applicable to a wide range of manual handling jobs * Do not quantify the extent of exposure to the
risk factors
Biomechanical * Provide detailed estimates of mechanical forces on = Nat applicable for estimating effects of
models musculoskeletal components repetitive activities
» Can identify specific body structures exposed to high = Difficult to verify aceuracy of estimates
physical stress * Rely on a number of simplifying assumptions
Psychophysical » Provide population estimates of worker capacities that = Reflect nore about what a worker will accept
tables integrate biomechanical and physiclogic stressors than what is safe
» Applicable to a wide range of manual handling activities = May over- or underestimate demands for
infrequent or highly repetitive activities
Physiologic * Provide detailed estimates of physielogic demands for = Not applicable for estimating effects of
models repetitive work as a function of duration infrequent activities
< Applicable to a wide range of manval handling activities « Lack of strong link between physiologic
fatigue and risk of injury
Integrated o Simpie to use » Require a significant number of assumptions
assessment * Use the most appropriate criterion for the specified task  Limited range of applications
models
Videotape » Economic method of measuring postural kKinematics * Labor-intensive analysis required
assessment = Can be used to analyze a large number of samples * Limited to iwo-dimensional analysis
Expostre « Provide direct measures of pasture and kinematics « Require the worker to wear a device on the body
monitors during manual handling » Lack ot data linking monitor output and risk

Applicable to a wide range of MMH activities

of injury
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Checklists

“A checklist is an observational technique that 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 hazard that may be associated with
an MMH task or job. A checklist usually consists of a series
of questions about physical stressors such as frequent bend-
ing, beavy lifting, awkward or constrained postures, pooy
‘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
fack specificity and they are imprecise. Although there many
examples of checklists available, checklists that are more
relevant to MMH appear in Appendix B of the NIOSH
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publication Ergonomic Guidelines for Manual Material
Handling.* An example of an MMH checklist is presented in
Figure 3.1. For more information on checklists, see David",
Dempsey et al.?!, or Eastman Kodak.*

Biomechanical models

Vartous bicmechanical models have been developed starting
in the early 1970s to estimate the stresses on body joints
from external forces (i.e., loads) for a specific MMH task.”
The vltimate goal was to understand the causes of MSDs
associated with MMH tasks in order to develop effective
interventions. Models can be two-dimensional (2D) or (3D)
three-dimensional and either static or dynamic. The two-
dimensional (2D} models were first developed, particularly

Risk lactors

exceed | minute?

NIOSH hazard evaluation checklist for titting, carrying, pushing, or pulling

1. Geaneral Yes Ng
1.1 Does the load handied exceed 50 Ibs.? {1 1
1.2 Is the object difficu)t to bring close to [} (]
the bady because of its size, bulk, or shape?
1.3 1Ts the Toad 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 unsate? For example, are il {1
the oors slippery, inclined, or uneven?

1.5 Does the task require fast movement, [1] I1
such as throwing, swinging, or rapid walking?

1.6 Does the task require stressful body [1 [1
postures, such as stooping to the floor, twisting,
reaching overhead, or excessive latcraf bending?

1.7 s most of the load handled hy only one : [1 11
hand, arm, or shoulder?

1.8 Does the task require working in [1] 1]
environmental hazards, such as extreme temperatures,
noise, vibration, lighting, or airhorne contaminants?

1.9 Does the task require working in a {1 []
confined area?

u 2. Specific

2.1 Does the lifting frequency exceed 3 Jifts per {1 [l
minute?

2.2 Does the vertical lifting distance exceed 3 {7 [ {1

2.3 Do carries 1ast tonger than | minute? [] [1]

2.4 Do tasks which require large ststained pushing [] 1]
or pulling forces exceed 30 yecands duration?

2.5 Do extended reach static halding tasks [1 ]

Comment: “Yes™ responses are indieative of conditions that pose a risk of developing
low back pain, The targer the percentage of “yes™ responses, the greater the possible risk.

FIGURE 3.1 Manual material handling checklist.
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for the purpose of estimating joint loading due to manual
lifting. These early static models were based on Newtonian
mechanics and did not consider muscle cocontractions for
stahilizing the trunk musculature during movements, The 2D
models were mainly concerned about body movements on
the sagittal plane without taking into account body move-
ments outside the plane. During the late 1970s and the early
1980s, three-dimensional (3D) static models were developed
which improved the accuracy of estimating body joint load-
ing. While the early 3D models were an improvement, they
did not account for the influence of body motion on joint
loading during dynamic loading. Dynamic models, which
typically use electromyography (EMG) data from multiple
muscle groups involved in MMH tasks, were developed to
address this problem. Similar to the 2D and 3D static mod-
els, dynamic models were developed in 2D or 3D depending
on the complexity of the model. Each model has its strengths
and limitations. Chaffin et al.* and Rodrick and Karwowski®
have published detailed discussions of biomechanical mod-
eting that describes various 2D and 3D models.

A brief discussion of some of (he models is presented.
The Chaffin and Baker model consists of several links
representing the major joints of the body and can estimate the
torques imposed on each joint as well as spinal compres-
sion.® A model by Schultz and Anderssen estimates both the
compression and shear forces for static liffing conditions
based on modeling 10 trunk muscles and intreducing intra-
abdominal pressure.’’ Dynamic models that can estimate
loads from various lifting tasks in the workplace have been
developed by several investigators, including Freivalds et al.*

Important findings that have supported the development
dynamic biomechanical models are briefly summarized.
McGill and Norman reported that the load on the lumbar spine
under dynamic lifting conditions was at least 239 greater than
had been estimated from the static models.™ Marras and
Sommerich noted that there was a functional constraint in
attempts to evaluate dynamic spine loading that was caused by
the “coactivity of the trunk muscles during motion” They
found that the pattern of muscle coactivity changes with
changes in the velocity and acceleration of the trunk motion
during lifting, which in turn influenced the loading on the
lumbar spine. The Marras biomechanical research model was
based on understanding mechanical aspects of muscle con-
traction and its influence on trunk motion and loading.

To adequately model lifting tasks that are found in the
workplace requires understanding and assessing the role of
trunk velocity, trunk asymmetry, and load level. In recent
years 3D models have been successfully developed to
address these parameters by adding modeling components
that consider the effects of dynamic activity, multiple mus-
cles, intra-abdorninal pressure (TAP), muscular co-contraction,
and posterior ligamentous structures. Matras and Sommerich,
in their validation study, reported that their 3D motion model
of the lumbar spine was able to calculate estimates of
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compression, shear, and torsion loading on the lumbar spine,
as well as the torque production of the trunk throughout the
lift.* Their estimates from the model were compared with
actual measures of trunk torque and found to be “robust” and
“reflected the action of the trunk™ under controlled labora-
tory conditions. The 3D dynamic biomechanical model
developed by Marras and colleagues is an example of a
dynamic model that has been used in MMH research.*

In summary, static models have been used in both field
studies and laboratory studies, whereas the dynamic models
have been used more in laboratory studies. Researchers,
however, have been able to develop methodology that has
allowed for dynamic models to be used in field studies or in
simulated workplace tasks.*™™ Dynamic models are also
betier for assessing upper exiremity risks in MMH activities
because of the additional body components measured.

Although biomechanical models are typically used to help
in the design of stressful activities with various levels of exer-
tion, there is also the question of fatigue failure in the lumbar
spine and sacrum from repetitive compression. Damage can
oceur at loads less than the ultimate compression strength of
these structires and within the range of forces and repetitions
in activities of daily Iving, work, and sporting activities.'
Probability of failure is a function of the load applied and the
number of repetitions. Increasing the load increases the prob-
ability of damage with fewer repetitions. Loads below 30% of
maximal stress are less likely to result in damage cven with
multiple repetitions, but at loads of 50-60% maximurm stress
damage after 100 repetitions is 39% and at loads of 60-70%
the probability rises to 63%.* Repetitions of 100 and up to
1000 are in the range for many occupational activities.™

Psychophysical tables

Psychophysics has been defined as the exact science of the
functional relations between “body and mind.”*® Whenever
the stimulus increases, the intensity of the sensation grows in
accordance with a common basic principle which states that
equal stimulus ratios produce equal subjective ratios. In every
sense modality, sensation is a power function of stimulus.
This is the basic principle that underlies the psychophysical
law.* A worker’s subjective determination is used to assess
the synergistic effects of combined physiologic and biome-
chanical stress created by various MMH factors.

Although the vast majority of psychophysical research
involving MMH activities has emphasized lifting tasks, the
use of psychophysical techniques is not restricted to lifting.
Psychophysics is also applicable to lowering, pushing, pull-
ing, holding, and carrying activities. The use of psychophys-
ical data to assess the physical demands of MMH is most
appropriate for repetitive activities that are performed more
often than once a minute, Databases are available that pro-
vide acceptable levels of MMH for various segments of the
population. These levels of work are typically presented as
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BLE 3.3 Portion of a Psychophysual Table for maximum acceptable Push Force.
Ma Acceptab rce s of Sustained Push (kg) for 15 2m Push

' :ne push every

“2min Smm L300 mmn ol

=] min

90 5 6 6 7 7 8 10
75 7 8 9 10 11 i1 14
50 9 11 13 13 14 15 19
25 12 i4 16 16 18 19 24
10 14 17 19 19 21 23 28

épted from Snook SH, Ciriello VM. The design of manual-handling tasks: revised tables of maximum acceptable weights and forces. Ergonomics 19915
97-1213. Reprinted with permission.

ceptable weights for a lift or carry or acceptable forces local muscle fatigue problem through a reduction in holding
‘pushing and pulling.* A psychophysical table for accept- duration. In addition, local muscle fatigue associated with
able forces for sustained push is shown in Table 3.3. For maintaining awkward postures or constant bending can reduce
ore information on psychophysical databases, see Snook,* the capacity of the muscles needed for lifting and therefore
Snook and Ciriello,* or Ayoub and Mital.** increase the potential for an overexertion injury to occur.

ther psychophysical assessment methods have been Local muscle fatigue may limit the acceptable workloads
developed to assess various MMH activities. For example, for MMH tasks that are performed for short but intensive
f-report measures such as rating of perceived exertion periods during a work shift. However, it is the energy expend-
PE)* and body part discomfort (BPD)* have been used to iture demands of repetitive tasks that have the most profound
ss a variety of lifting jobs. These assessment measures effect on what a worker is able to do over a longer period of
provide useful information about the worker’s perception of time. Energy expenditure demands are dependent upon the
hysical demands of the job. Moreover, RPE and BPD extent of muscular exertion, frequency of activity, and dura-
mpare favorably with measures of physical demand. tion of continuous work. A worker’s limit for physiologic
atabases containing whole-body and segmental strength fatigue is often affected by a combination of discomfort in
easures have also been developed for the design of MMH local muscle groups and more centralized (systemic) fatigue

sks. These include isometric, isokinetic, and isoinertial associated with oxygen demand and cardiovascular strain.?4
ength databases for whole-body activities, such as lifting, To assess the cardiovascular demands of MMH tasks,

d various databases for the arms, legs, and back. For more physiologic parameters such as heart rate (HR), oxygen con-
yrmation on strength measurement, see Ayoub and Mital®? sumption, and ventilation rate may be used. In addition, elec-
Chaffin et al.®® tromyographic (EMG) assessments and blood lactate provide

It should be noted that psychophysics relies on self-reports a relative measure of the instantaneous level of physiologic
from subjects; consequently, the perceived “acceptable” limit status and muscular fatigue. Assuming that fatigned workers
y differ from the actual “safe” limit. In addition, the psy- are at a higher risk of overexertion injury, these measures can
ophysical approach may not be valid for all tasks, such as be used to help prevent overexertion injuries by predicting the
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-frequency lifting, limits of fatigue for repetitive handling tasks.
Physiological models provide a method for estimating the

Physiological models cardiovascular demands associated with a specific MMH

: activity. One such model, developed by Garg, allows the ana-
of the goals in designing an MMH task is to avoid the lyst to estimate the energy expenditure demands associated
cumulation of physical fatigue, which may contribute to an with a complex MMH job.*’ The first step is to separate the
exertion injury. This fatigue can affect specific muscles or job into distinct elements or subtasks for which individual
groups of muscles, or it can affect the whole body by reducing energy expenditure values can be predicted, such as standing
aerobic capacities available to sustain work. Two physio- and bending, walking, carrying, vertical lifting or lowering,
gical factors that affect the suitability of an MMH task at the and horizontal arm movement. The total energy expenditure
al muscle effort level include the duration of force exertion requirements for the job are then estimated by summing the
and the frequency of exertions. Local muscular fatigue will incremental expenditures of all of the subtasks.
develop if a heavy effort is sustained for a long period. With Direct measure of oxygen consumption may provide the best
avy loads, the muscles need a substantially longer recovery estimate of physiological demand. For this type of measurement,
tiod to return to their previous state. Small changes in work- it is assumed that the consumption of 1L of oxygen per minute
ce layout or handling heights, however, can often solve a is approximately equal {0 an energy expenditure of 5kcal/min.
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HR is also useful in predicting physiologic demand, but it
is less reliable than direct oxygen consumption measures,
due to individual differences in the relationship between HR
and energy expenditure, Portable monitors can be used to
measure HR and oxygen consumption during MMH tasks.
For information on assessing physiologic demands, see
Astrand and Rodahl*® or Eastman Kodak,?

Integrated assessment models

An integrated assessment model involves a unique approach
that considers all three of the primary lifting criteria—
biomechanics, physiology, and psychophysics. Such models
can merge qualitative and quantitative methodologies and
produce a single indicator of risk potential for an MSD. The
integrated approach provides a measure of the relative mag-
nitude of physical demand for a specific MMH task that
relies on the most appropriate stress measure for that task.
The result of the assessment is typically represented as a
weight or force limit or as an index of relative severity. An
integrated model considers the synergistic effects of the vari-
ous task factors and uses the most appropriate stress measure
to estimate the magnitude of hazard associated with each
task factor.

One model, the NIOSH revised NIOSH lifting equation is
described in more detail later in this chapter. Another
method, which has been used in MMH assessments is
Ayoub’s job severity index (JS).2% Examples of integrated
assessment models for MMH are briefly summarized and
critiqued in a recent review article.™

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, such as posture angle and task
repetition. Ergonomic checklists can also be used to review
physical hazards recorded in the video. Complex computer-
ized video analysis programs are available that can capture
and analyze individual frames from videotape recordings of
workers performing MMH activities. These video frames
can then be used to make more detailed assessments of
spatial or dynamic biomechanical hazards that may not be
apparent from the observational approach.

To use a computer program to assist in estimating body
posture angles, videotape recordings need to be digitized in
certain file formats that can be read by the computer program.
With the advent of digital camcorder technology, digital
camcorders are now available without taking the above
analog-to-digital signal conversion step. Video recorded on
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digital media can be downloaded to the computer for the
videotape assessment using a stand-alone media player or a
third-party computer program with ergonomic assessment
features. The Multimedia Video Task Analysis (MVTATM)
program.’* and the 3D Static Strength Prediction Program™
(3DSSPP™) are two such third-party programs that are
commercially available and commonly used by researchers
and practitioners.

The MVTA video analysis software program was devel-
oped by the University of Wisconsin-Madison to help auto-
mate time and posture analyses of visually discerned
activities through an interactive graphical user interface.
User-defined arbitrary events are discerned by interactively
identifying terminal breakpoints in the timed activity.
Breakpoints are characteristic occurrences that define the
start and end of an MMH activity. To determine the break-
points, the video recording may be reviewed at any speed
and in any sequence {real time, stow motion, fast motion, or
frame by frame in either forward or reverse direction). The
analyst can replay any event as much as desired in a continu-
ous loop or direct the video to display an arbitrary event or
point in time in stop action. The MVTA program computes
the frequency and time duration of occurrence of each MMH
activity and produces a conventional time study repott.

The 3DSSPP was developed by the University of
Michigan. A 3D biomechanical model is built in the program
for estimating spinal loading variables according to input
posture data, hand loads, and the worker’s anthropometric
information. To specify a body posture, 15 different body
angles are required to be entered into the program. The
3DSSPP displays a humanlike mannequin to help identify
the posture input by the user. .

These computer programs are generally easy to use, and
the output data are presented in a form that is easy to under-
stand and apply. They may be limited, however, in their
capability to analyze activities that occur outside of the cam-
era focal plane (i.e., the plane parallel to the face of the cam-
era lens). For example, when a body segment or group of
segments moves outside the camera focal plane, the joint -
angles and positions measured from the digitized frame are
distorted. The amount of distortion depends on the degree of
displacement of the joint or segment from the focal plane. To
improve the accuracy of specifying body posture angles,
more than one camera may be used for recording the same
work activity at the same time. Several studies have shown
that more than one camera view can improve the accuracy of
estimating body posture angles.™*35 Compared to front- and
back-viewing angles, side-viewing angle is associated with
the least error for posture specification.*®* Estimation of
larger body parts generally results in better reliability,®

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 et al.”® or Eastman Kodak,




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

1f 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

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 unobtrusive, that is, 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 1015

‘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 postures 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, closeup shots of the hands should

1so be recorded if the work is manually intensive or extremely

repetitive

If possible, film jobs in the order in which they appear in the

rocess. For example, if several jobs on an assembly line are

eing evaluated, begin by recording the first job on the line,

ollowed by the second, third, etc.

\void making jerky or fast movements with the camera while

ecording. Mounting the camera on a tripod may be useful for

1lming work activities at a fixed workstation where the worker

oes not move around much

posure monitors

Vionitoring devices have been developed to measure various
ects of physical activity, such as position, velocity, and
cceleration of movement. Some monitors can even measure

ee-dimensional joint angles in real time. These systems
onsist of mechanical sensors that are attached to various
rts of the worker’s body, such as the wrist, back, or knees.
he mechanical sensors convert angular displacement (rota-
n) into voltage changes that can be displayed in real time
saved to a computer for later analysis. The position meas-
’s acquired from the sensors can then be differentiated to
tain rotational velocities and acceleration components.
hese movement characteristics may be used to estimate the
Xtent of risk associated with a particular task and help to
dentify potential ergonomic solutions. Examples of posi-
nal monitoring equipment include potentiometer-based
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lumbar and wrist motion monitors, such as those developed
at the Ohio State University’ as well as strain gauge-based
strip goniometers, such as those available from NexGen
Ergonomics, Inc. (Pointe-Claire, Quebec, Canada, www.
nexgenergo.comy),

Another type of device that has been used to assess the
extent of exposure to repetitive movement is an accelerom-
eter-based motion recording system. In the early 1990s, an
activity monitor was developed and used to track worker’s
activities throughout the work shift. The activity monitor
consists of one or more accelerometers mounted within a
small aluminum case that is connected with a Velcro strap to
a worker’s wrist, leg, or trunk. The accelerometers are sensi-
tive to the movements of the body. They are capable of
counting and recording rapid movements inherent in a
specific task or activity. The data acquired from the activity
monitor are typically plotted as a series of temporal histo-
gram plots showing the extent of dynamic movement as a
function of time. The greater the total dynamic activity, the
greater the height of the sequential histogram bars and the
greater the potential for injury.®

In recent years, a new type of inertial motion capture
system has been developed for field applications. These
motion capture systems determine a worker’s movements by
estimating body segment orientation and position changes
using integration of gyroscope and accelerometer signals
that are collected by sensors worn on multiple body seg-
ments. Based on some biomechanical models and computer
algorithms, these systems can provide dynamic tracking of
whole-body movements in real time.® With only one sensor
worn on the lower back, the system can monitor trunk incli-
nation (i.e., a physical hazard for MSDs) with a reasonable
accuracy.®!

It is important to note that the output from exposure moni-
tors alone cannot provide all the information needed to assess
the extent of physical demand required by an MMH task. It is
also important to know the weight of the load and its position,
velocity, and acceleration relative to the body during the task.
This approach is best suited for repetitive or high-speed
MMH tasks where the internal forces on the body may be
affected more by extreme postures or rapid movements than
by the weight or position of the external load.

GUIDELINES AND STANDARDS

Early attempts to prevent overexertion injuries associated
with MMH focused on adopting arbitrary weight limits for
lifting loads, hiring strong workers, or using training proce-
dures that emphasized correct (but not necessarily safe) lift-
ing techniques. None of these approaches, however, have
proven to be effective in significantly reducing overexertion
injuries.® Recently, industry leaders have started to recog-
nize the risks associated with MMH. To reduce costs and
increase productivity, these companies have implemented
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ergonomic programs or practices aimed at preventing these
injuries. In many cases, these ergonomic programs rely
on exposure guidelines or standards recommended by the
federal government.

The National Institute for Occupational
Safety and Health (NIOSH)

NIOSH, the leading federal research agency for ergonomic
hazards, does not have a recommended exposure limit (REL)
for general MMH activities, but has issued guidelines that
can be used for prevention of MMH-related injuries. In
1981, NIOSH published its Work Practices Guide for
Manual Lifting (WPG).® The 1981 WPG contained an equa-
tion for assessing certain manual lifting tasks. The 1981
NIOSH lifting equation provided a unique method for deter-
mining weight limits for selected two-handed manual lifts,
but it was limited in its scope of application. It only applied
to lifting tasks that occurred directly in front of the body
(sagittal plane lifts) and had optimal hand-to-object cou-
plings (i.e., handles).

Responding to the need for a guideline with a broader
application and more flexibility, NIOSH revised the lifung
equation. In addition to the four risk factors addressed by the
1981 equation (i.e., horizontal location, vertical height, ver-
tical distance traveled, and frequency), the revised NIOSH
lifting equation includes weight reduction factors for the
assessment of asymmetric or nonsagittal 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 han-
dles).” The original 1981 NIOSH lifting equation 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
revised NIOSH lifting equation, which provides a practical
method for determining the overall physical stress attributa-
ble to the various task-related factors.

The revised NIOSH lifting equation yields a unique set of
evaluation parameters that include (i) intermediate task-
related myltipliers that define the extent of physical stress
associated with individual task factors; (ii) the NIOSH
recommended weight Himit (RWL), a task-specific value that
defines the load weight that is considered safe for nearly all
healthy workers; and (jif) 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 equation:

RWL = LCxHMx VM x DM x AMxCM xFM

where the load constant (LC) is equal to 511b and the terms
HM, VM, DM, AM, CM, and FM are task-specific multipli-
ers within the equation that serve to reduce the recommended
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TABLE 3.5 Formulas for individual multipliers.

Component - Metric .~ . US customary -

HM = hoerizontal (25/H) (10/H)
muitiplier

VM = vertical [1-{0.003]V-75)1  [1-(0.0075|V-30})]
multiplier

DM = distance - [0.82+(4.5/D)] [0.82+(1.8/D))
multiplier

AM =asymmetric  [1-(0.00324)] {1-(0.0032A)}
multiptier

FM = frequency (Determined from
multiplier Table 3.6)

CM = coupling (Determined from
multiplier Table 3.7)

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 multiplier applies. The
multipliers are defined as in Table 3.5.

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

L=weight of the load being lifted (Ib or kg).

H=horizontal location of the hands from midpoint
between the ankles, Measure at the origin and the des-
tination 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 displace-
ment 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 1ift (°).

F=average frequency rate of lifting measured in lifts/
minute. Duration is defined as <1, 1-2, or 2-8 hours,
Specific recovery allowances are required for each
duration category (see Tables 3.6 and 3.7).

The LI provides a relative estimate of the level of physical
stress associated with a particular manual lifting task. The
estimate of the level of physical stress is defined by the rela-
tionship of the weight of the load lifted to the recommended
weight limit. The LI is defined by the following equation:

1= load weight L

* recommended weight limit " RWL

A detailed explanation of the use of the revised NIOSH
lifting equation, including definitions of terms and proce-
dures, is available in an applications manual for the
revised NIOSH lifting equation.® The document can be



MANUAL MATERJALS HANDLING

’I‘ABLE 3.6 Frequency multiplier (FM).

o Workduratlon SRR

: slhour

, <2 hours e

L : >’<8hoursi :
VTS v

Vers o

V275,

‘.V<75 Lm (301n ) -

V275cm (30111 ).
1.00 1.00
0.95 1.00
0.90 0.90

mloaded from the NIOSH website (hitps://www.cdc.
Imosh/docs/94— 110/).

The developers of the revised NIOSH lifting equation
ted that studies were needed to determine the effec-
ness of the NIOSH lifting equation in identifying jobs
increased risk of lifting-related LBP for workers.
chers at NIOSH published the results of a cross-
ional epidemiologic study designed to evaluate the effec-
ss of the equation in identifying jobs with elevated risk
sing LBP.% In the NIOSH study, 50 jobs were evalu-
sing the revised NIOSH lifting equation. The LI values
Jjobs were compared to information obtained about the
ymptoms in people who worked in those jobs. Using
ic regression modeling, the odds ratio (OR) for LBP
etermined for various categories of LI values com-
ed to the unexposed control group. LBP was assessed
1 symptom and occupational history questionnaire that
dministered to 204 workers employed in lifting jobs
0 workers employed in nonlifting jobs. Participation
9-95% among the exposed workers and 82-100%

Y275
1.00 1.00 0.95 095 0.85 0.85
0.97 0.97 0.92 0.92 0.81 0.81
0.94 0.94 0.88 0,88 0.75 0.75
0.91 0.91 0.84 0.84 0.65 0.65
0.88 0.88 0.79 0.79 0.55 0.55
0.84 0.84 0.72 0.72 0.45 0.45
0.80 0.80 0.60 0.60 0.35 0.35
0.75 0.75 0.50 0.50 0.27 0.27
0.70 0.70 0.42 0.42 0.22 0.22
0.60 0.60 0.35 0.35 0.18 0.18
0.52 0.52 0.30 0.30 0.00 0.15
0.45 0.45 0.26 0.26 0.00 0.13
041 0.41 0.00 0.23 0.00 0.00
0.37 0.37 0.00 0.21 0.00 0.00
0.00 0.34 0.00 0.00 0.00 0.00
.00 0.31 0.00 0.00 0.00 0.00
0.00 0.28 0.00 0.00 0.00 0.00
0.00 0,00 0.00 0.00 0.00 0.00

es of V are in cm; 7Sem=30in.
LE 3.7 Coupling multiplier (CM). among unexposed workers at four facilities. The authors
""",_‘Couphng multxpherb —— 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 a 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 varia-
bles such as age, gender, body mass index, and psychosocial
factors that were included in the muitiple logistic models.
The highest OR was in the two to three LI category (2.2;
CI 1.01-4.96).

Additional studies conducted in the last decade have
broadened the research base that has established the revised
NIOSH lifting equation and confirmed its versatility as a
valid methodology for estimating LBP risk. For jobs that
require multiple MMH activities, a new index methodology
has been developed. This method is based on the concept
that a composite lifting index (CLI), which represents the
collective demands of the job, is equal to the sum of the
largest single task lifting index (STLI) and the incremental
increases in the CLI as each subsequent task is added. The
incremental increase in the CLI for a specific task is defined
as the difference between the lifting index for that task at the
cumulative frequency and the lifting index for that task at its
actual frequency. Other studies have incorporated individual,
psychosocial, and work organizational risk factors and their
influence on self-reported back pain and the calculation of
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the lifting index, An excellent article which semmarizes this
recent research involving the revised NIOSH lifting equation
is available from Lu et al.®

DIAGNOSIS AND TREATMENT

The primary objectives of the diagnosis and treatment of
occupationally related musculoskeletal injuries are to (i}
assist the recovery of workers and allow for a rapid return to
work (ii} ensure that proper diagnostic tools are used so that
an accurale assessment is made of the magnitude of the
injury, and (iii) provide appropriate cost-effective treatments
that avoid unnecessary surgery. The sysiem should be based
on an organized approach to evaluation, diagnosis, and treat-
ment, which is essential for an early return to work and
reduction in costs and lost work time. For example, a stand-
ardized diagnostic and treatment protocol has been shown (o
be effective in significantly and continuously reducing the
number of incidents, days lost from work, low back surgery
cases, and financial costs of LBR.9

Although a variety of MSDs result from MMH, the single
most costly medical condition 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 inappropriate or at least less than optimal
care for many patients with low back disorders. This issue
was addressed in 1994 with the publication of the Clinical
Practice Guideline for Acute Low Back Pain in Adults by the
Agency for Health Care Policy and Research (AHCPR).®
Copies of the guidelines are available on the agency’s {(now
renamed the Agency for Healtheare Research and Quality)
website at www.ahrg. gov. These guidelines, although some-
what outdated, focused on returning the patient to normat
activity and were in widespread use, A more recent review,
which is more inclusive and includes additionat return to
work (RTW) madels, is provided by Schultz et al.#

Complicating the diagnosis and treatment of occupation-
ally related LBP are the legal issues of disability and com-
pensation 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 compensation, however, may depend more on
the nature of the compensation system and laws than on the
severity of the injury,”

Diagnosis

Acute low back pain is often nonspecific and it is often
difficult to identify a specific cause. There are some esti-
mates that more than 90% of all episodes of back pain are
probably attributable to mechanical causes,”™ which could
certainly be the case with MMH activities. Thus, the early
diagnostic evaluation of back pain is designed to rule out
systemic disease; grossly identify neurologic or anatomic
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abnormalities that may eventially require surgery such as
fracture, tumor, infection, or cauda equina syndrome; and
identify characteristic indicators of injury that may influence
the selection of treatment. Clinical guidelines for diagnosis
and treatment of low back pain are available from Chou
et al.” and Casazza.”

The first step in diagnosing LBP, and perhaps the most
important, is the medical history. The medical history should
include an assessment of cuirent symptoms, individual his-
tory of injury, functional status, and injury documentation
and psychosocial risk factors which may be helpful in
predicting risk for chronic back pain.”™™" The second step
in the diagnostic process is a complete physical examination,
At minimum, 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 neu-
rologic examination. The neurologic examination should
give special attention to the L5 and S1 nerve roots, since the
vast majority of disk herniations occur at either the L4-L5 or
L.5-81 interspaces. It has been suggested that a system
should be developed to ensure that all parts of the examina-
tion are completed.”™’¢

Chou et al. proposes that after the medical history and
physical examination patients be categorized into three
broad categories: (i) nonspecific low back pain, (ii) back
pain polentially associated with radiculopathy or spinai
stenosis, or (iii) back pain potentially associated with another
specific spinal cause.” Most back injuries from MMH activ-
ities would be categorized as nonspecific.

Imaging is not recommended for most patients without
signs and symptoms of a serious condition.”® Magnetic
resonance imaging (MRI) may be most appropriate if 4
serious condition is suspected. Computed tomography can
be used if an MRI is unavailable. However, these sophisti-
cated 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 interven-
tion. In general, these tests should be limited to workers
who have continued neurologic findings after 4-6 weeks of
conservative therapy. It is also important to remember that
an abnormal imaging study and back pain are not necessar-
ily 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.’s7



‘Recent recommendations for treatment on nonspecific
ack pain have changed from previous recommendations as
valuations of effective treatments improved. Practitioners
eating LBP should review the ACOEM Practice Guidelines
r low back disorders.”

Casazza™ categorizes treatments into (i) recommended,
i) acceptable, (iil) unsupported, and (iv) inadvisable, using
evidence-based approach. Recommended treatments are
iedications and patient education. Nonsteroidal anti-inflam-
ory drugs (NSAIDS) are effective for short-term relief
are benzodiazepine muscle relaxants. Opioids, while
uently prescribed, showed little evidence of benefit over
[SAIDS in relief or return to work. Epidural steroid injec-
s are frequently offered after 2-6 weeks of no relief from
icular pain with noninvasive treatment. However, the
has not approved corticosteroids for such use and has
ed that the effectiveness and safety of the drugs for this
‘have not been established.® Patient education involves
ising patients to stay active as much as the pain allows,
id twisting and bending, and return to normal activities as
n as possible. Assurance that acute back pain is mostly
enign in nature is important. Acceptable treatments are
sical therapy, especially the McKenzie method,® and
hysical therapisi-directed home exercise and application of
or heat treatments in the first 5 days of pain occurrence.
supported treatments include oral steroids, acupuncture,
rcise, lambar support, massage, spinal manipulation, and
tion. Many of the treatments in the unsupported list lack
quality studies to evaluate intervention effectiveness
‘may be beneficial for some patients. An inadvisable
tment is bed rest, especially prolonged bed rest.
[f:conservative therapy fails and 4-6 weeks have passed,
her diagnostic tests should be scheduled. These cases
erally fall into one of the following four categories, by
ation of the patient’s predominant complaints: (i) LBP,
ch is typically diagnosed as back sprain; (ii) leg pain
diating below the knee, which is commonly referred to as
ciatica; (iii) posterior thigh pain; and (iv) anterior thigh
Fach of these conditions warrants a unique treatment
imen.” It may also be appropriate to thoroughly investi-
e and address psychological and psychosocial issues that
ere not identified at the initial assessment. Failure to deal
ith a significant psychological or psychosocial issue will
elay the patient’s return to work and may ultimately result
reatment failure and continuing disability.

A few back pain patients have symptoms suggesting sci-
8, which is usually the first clue to a herniated disk. It is
mated that only 5-10% of patients with persistent sciat-
require surgery. In general, only patients diagnosed with
da equina compression (CEC) or a similar mechanoana-
mic- problem require immediate surgical intervention.
th?r indications for referral include severe or progressive
eurologic deficits, or persistent neurologic finding after 4—6
ks of conservative therapy. In the overwhelming number
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of cases of LBP, the appropriate treatment includes a course
of consetvative therapy.5%

There is general agreement among clinicians that treat-
ment 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.?

MEDICAL SURVEILLANCE

Active and passive surveillance of the workplace are neces-
sary to establish a database 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 elim-
inating 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 prevention of injuries and is
thus covered in the next section on “Prevention.”

PREVENTION

Several strategies have been developed to try and prevent
MSD injuries from MMH activities, These strategies can be
categorized into three general types: (i) workplace directed,
(i) worker directed, and, (iii) employee screening.

Workplace-directed approaches

AUTOMATION

Workplace automation should be a top priority when the
job has high physical demands, is highly repetitive, or is
performed in a hazardous environment. Automation may
consist of one or more machines or machine systems such as
conveyors, automated 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 often
requires large capital expenditures, this approach may be
prohibitive for small companies with only a few workers.

MECHANICAL AIDS

In cases where the physical demands are high and automation
is not practical, mechanical aids can be used to ameliorate the
extent of those demands. Mechanical handling aids include
machines or simple devices that provide a mechanical

45



PHYSICAL and BIOLOGICAL HAZARDS of the WORKPLACE

advantage during the MMH 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, the publication Ergonomic
Guidelines for Manual Material Handling illustrates a
number of mechanical aids that would be useful in reducing
exposure to MMH.? Additionally, a recent NIOSH publica-
tion Ergonomic Solutions for Retailers is specifically oriented
for prevention of MMH injuries in the grocery sector
and illustrates mechanical aids that are wseful in the
grocery sector.®

ERGONOMIC DESIGN CHANGES

For MMH jobs, ergonomic design or redesign may be
accomplished by modifying the job layout, engineering
recdesign, or incorporating procedures to reduce bending,
twisting, horizontal extensions, heavy lifting, forceful exer-
tions, and repetitive motions. The ergonomic approach is
largely based on the assumption that work activities involv-
ing 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 elimi-
nate potential sources of problems. Ergonomics also seeks to
make safe work practices a natural result of the tool and
work site design.

There are at least four advantages to adopting an ergo-
nomic design/redesign strategy, First, an ergonomic approach
does not depend on specific worker capabilities or learned
hehaviors, such as training. Second, human biological factors
and their variations are accounted for in ergonomic
approaches using design data that accommodate large seg-
ments of the populations. Third, ergonomic intervention is
relatively permanent, since the workplace hazard is elimi-
nated. 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 MMH jobs entail a variety of specialized tasks with
overlapping sources of physical stress. Each MMH task may
contribute in some unknown manner {o the onset of an over-
exertion injury. Often, no single job modification is feasible
or sufficient, and numerous adjustments may be required for
each activity to minimize the hazard of overexertion injury.
It is always important to develop an evaluation process to
determine if the job modification is effective.

Worker-directed approaches

TRAINING AND EDUCATION

According to OSHA,* the purpose of training and education
is to “ensure that employees are sufficiently informed about
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the ergonomic hazards to which they may be exposed and
thus are able to participate actively in their own protection.”
Training may include general instruction on the types of
injuries that may occur, what risk factors may contribute to
these injuries, how to recognize and report symptoms, and
how to prevent these injuries. Training should also include
job-gpecific instruction on the proper use of essential MMH
equipment and techniques for the specific task or job. The
training program should include the following individuals:
(1) all exposed workers, (il) sapervisors, (iil) managers,
(iv) engineers and maintenance personnel, and (v) health-
care providers.

The term training has been used to describe two distinctly
different approaches to injury prevention and control-—
instructional training in safe materials handling and fitness
training (e.g., conditioning, strengthening, or work harden-
ing). The basic premise of instructional training in MMH is
that people can more safely handle greater lcads when they
perform the task correctly than if they perform the task
incorrectly. Fitness training is based on the premise that
people can safely handle greater loads when their strength or
aercbic capacity is increased.

INSTRUCTIONAL TRAINING

Instructional training is widely used and fundamentally
sound, but there some potential problems when not appro-
priately used. First, care must be taken to ensure that appro-
priate, scientifically sound work practices are being taught.’
Today, with the advent of the Internet and the mass media
exposure, work practices that have not been properly evalu-
ated can be promoted that may be entirely unsound for
MMH activities. For example, back belts were introduced
as a device for preventing back injuries and were imple-
mented in many workplaces with instructional technigues
before scientific evaluation showed lmited usefulness,
NIOSH concluded, in 1994, that there was insufficient evi-
dence to recommend the use of back belts as a back injuiy
prevention measure.®*® Since then, NIOSH conducted a-
large epidemiologic study and two laboratory evaluations to
determine more conclusively the effects of back belt use.
The further research did not provide evidence to change’
NIOSH’s earlier conclusions. 5%

Additionally, in some training courses, workers are taught
to lift with a straight back and bent legs (i.e., squat posture)
rather than bending over to pick up the load (i.e., stooped
postare). This either/or approach does not always provide
the “safest” lifting style.%? Recent research has shown that
the horizontal distance of the load from the worker may be
more important in determining the spinal loading forces that
the amount of forward bending. For this reason, NIOSH
does not recommend a single, correct lifting style for all
manual lifting tasks, but suggests that a free style lift, in
which workers choose whatever style they prefer may be the



‘most appropriate keeping in mind the avoidance of excessive
ending and reach.

~.Secondly, the instructional approach relies on the work-
’s ability to comply with a set of recommended practices
at may be forgotten or changed from time to time. To some
tent, worker’s ability to comply with safe practices can be
proved with training materials that are more specifically
rected at the MMH activities they are involved with. Two
cent NIOSH documents such as Simple Solutions for
‘Home Building Workers™ and the aforementioned Ergonomic
Solutions for Retailers are examples.®

.. Regardless of the potential problems associated with
MMH training, all workers who perform MMH 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. Furthermore,
the instructional training should provide information to
_5w01ker.s on how they can become involved in the process of
‘preventing and controlling injuries on the job. An excellent
teview of the effectiveness of training and education
ﬂprograms for prevention of workplace injuries has recently
‘been published.”

IFITNESS TRAINING

q ,he basic premise of fitness training is that a worker’s risk
viof injury would decrease if his or her strength or fitness
increased. Although this seems intuitive, it is not clear
' ;whether an individual’s strength and risk of injury perform-
'mg MMH activities are related. Certainly, a worker’s capac-
ity to perform heavy work might be increased, but there is
~ some controversy about the relationship between worker
~ strength and risk of injury.” Moreover, it is not known how

the soft tissues of the body respond to increased loads
-~ associated with stronger muscles, especially if the worker
| performs tasks requiring greater strength demands.
- ‘Regardless of strength, an improper lifting technique could
- lead to an injury. Strength and fitness exercises are available
- in several documents and in preparation for MMH
- activities.®

~ Although both types of training programs have been used
- 1o 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 sup-
~ ‘plement to workplace-directed approaches.

‘Employee screening

Screening methodologies, which rely on the assessment of
- one or more physical characteristics of the worker to select
- specific workers for certain MMH jobs, have been advocated
~ by some ergonomic experts. These methodologies are
- designed to identify workers (i) with a high risk of overexer-
tion injury, such a history of previous physical injury that
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may limit MMH activities, and/or (ii) screen workers accord-
ing 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 overexertion
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 MMH jobs. Few of these method-
ologies, however, have been shown to be reliable in predict-
ing an individual’s risk of overexertion injury. Although no
psychological tests have been found to quantify a worker’s
risk of overexertion injury, psychological testing can provide
an indication of how a worker might respond to a severe
injury, Shaw et al. evaluated patients with recent onset of
occupational low back pain and using a survey of potential
disability risks and a questionnaire reporting symptoms of
pain.” Return to work was more strongly related to employer
factors (e.g., job tenure, physical work demands, and modi-
fied duty availability) and self-ratings of pain and mood than
by health history or physical examination,

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 functional 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 capac-
ity 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.
A number of studies have been conducted to develop
databases of maximum strength capacities (i.e., population
averages) that could be used to design MMH tasks and work-
stations. These studies, however, disagree as to which of the
three principal testing methods—isometric, isokinetic, or
isoinertial-—is most useful for determining strength capacity
guidelines. Some researchers argue that traditional isometric
lifting strength measurements, by which thousands of work-
ers have been tested, are limited in assessing what workers
can do under dynamic task conditions. These researchers
suggest that dynamic strength testing is more appropriate
than static strength testing for determining strength capacity.*
This assertion is based on how well the test replicates the job
requirements. Other researchers, however, claim that isoki-
netic lifting strength measurements probably have no greater
inferential power to predict risk of injury or job performance
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than any other form of testing.” Kroemer claims that isoin-
ertial strength testing is the most appropriate lifting strength
testing method because it matches actual lifting conditions. %
Isoinertial methods, however, have not been generally vali-
dated in terms of their ability to predict risk of injury.”

Maximum isometric lifting strength (MILS) has been
studied and reported extensively. It has a well-established
testing procedure® and has been reported in field tests to
predict risk of injury.?% Exiensive measures of MILS have
been made for various work postures and activities. One
study, for example, measured the isometric strength of 1239
workers in rubber, aluminum, and electronic component
industries. ™ In another study that measured the standard-
ized isometric strengths (i.e., arm lift, torso lift, and leg lift)
of 2178 aircraft manufacturing workers,” the employees
were followed for >4 years to document back pain com-
plaints. The investigators found that worker height, weight,
age, and gender are poor predictors of standardized isomet-
ric strength, a finding that agrees with other studies.'™
The investigators also found, however, that standardized
isometric strength is a poor predictor of reported back pain,
a finding that conflicts with the results of some other
studies, '

Mauras et al, published an ergonomic guide for assessing
dynamic measures of low back performance.'® This guide
provides information on elements of dynamic performance,
techniques to assess dypamic performance, and relation-
ships between testing techniques and inteynal forces, Bos
et al. reported the results of a systemaiic literature search to
identify specific lifting, pushing, and pulling demands and
evaluate reliable and valid tests for the assessment of accept-
able foad on an individual level.'” Results showed that there
was no universal strategy for the definition of occupational
demand and none of the tests met the criferia of reliability
and prognostic value for musculoskeletal complaints
completely on an individual level. There was some epide-
miological evidence that for the development of musculo-
skeletal complaints, there was prognostic value with strength
capacity fests, but not for a maximum acceptable load at an
individual level,

SUMMARY

In summary, MMH activities, such as excessive lifting,
pushing, pulling, and carrying, represent a serious hazard for
MSD for many workers. There are analytic tools to identify
ergonomic hazards that may result in overexertion injury and
prevention icols that are effective in reducing the potential
for risk of work-related overexertion injury. Successful
ergonomic programs require the full cooperation of manage-
ment, labor organizations, government, and the workers
themselves. The solution requires a team effort with a
commitment to identify and eliminate hazardous material
handling tasks from the workplace,
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Cuarrent status and future concerns

There is clear evidence that many MMH activities that
involve lifting, pushing, pulling, or carrying present risks to
workers for developing MSDs. In the past MSDs were fre-
quently just considered as a cost of doing business, but as
health problems mounted coupled with the increased costs to
employers and taxpayers to deal with these increases,
attitudes have changed. Prevention of MSDs from MMH
activities has come to the forefront.

In this chapter MMH activities and the potential MSDs
that can result have been described, and strategies for pre-
venting and identifying MSDs have been presented.
Analytical tools have been presented to identify the physical
hazards that lead to injuries and are effective in reducing the
risks for developing work-related MSDs.

Evident in this chapter is that much knowledge has been
gained in the assessment and treatment of MSDs related to
MMH activities; there are also significant research gaps that
also exist. Several of these gaps have been identified by
national expert reviews.!M»™ A gt of some identified
research gaps is presented below.

1. How accurate are methods for measuring a worker’s
maximum safe capacity? Worker selection approaches
assurne that it is possible to accurately determine a work-
er's safe capacity. In addition, does the safe capacity
change over time (e.g., hourly, daily, monthly, yearly)?

2. Ergonomic approaches, which are considered to be
more effective in reducing MSDs, can also be expensive
to implement. Do such approaches have reasonable
cost/benefit advantages?

3. How accurate are the existing assessment tools (e.g.,
biomechanical, psychophysical, physiological, inte-
grated) that are used to determine risks of injury from
MMH tasks. Do these tools have limitations in pre-
dicting long-term risks?

4. Do performance standards or incentive programs
increase a workers’ risk of injury from MMH activi-
ties? If performance standards are used, are there
criteria available to ensure safety for the worker?

5. What are the effects psychosocial risk factors (job
stress, organizational, job safety, work time, work
freedom, work schedule) on MMH activities that can
influence the risk of MSDs? :

6. The workforce is changing, with older workers and
more women involved in MMH activities that require
frequent lifting, pushing, and pulling. Are these changes
being incorporated into job designs that can reduce the
physical demands of many MMH activities?

These questions, although not exhaustive, identify the many
issues that safety and health experts and industry leaders



ust address 10 reduce work-related injuries, Efforts to limit
orkplace hazards will only be successful with the full
operation of management, government, and labor and, of
yurse, the workers themselves. Solutions will require
ilaborative efforts of all involved.
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