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Manual handling is defined by the lnfornational Organization for 
Standardization as any activity requiring the use of human force 
to lift, lower, carry or othenvise move, or restrain an object, 
including humans and anirnals.1 Manual materials handling 
(MMH) excludes animate items as objects in such activities. The 
main risk factors associated with the development of injuries 
with MI\1H tasks are forceful exertions, awkward postures, 
repetitive motions, pressure. points, and static posturcs.2 Many 
different types of jobs or occupations require ?vllvlH activities 
including moving household goods, warehouse handling, truck 
unloading, inventoty restocking, production line loading and 
unloading, baggage handling, container loading and emptying, 
transfoning material goods, antl delivering packages. 

Nongovernmental researchers annually examine US Bureau 
·of Labor Statistics (BLS) injury dala to ascertain which work­
pku::e events caused an employee to miss six or more days of 
work. 111ose workplace events aro then ranked by total workers' 
compensation costs. For the year 2012, the mOSl recent informa .. 
tion available, the leading cause of disabling injury was overex­
ertion involving outside sources. This event category includes 
injuries resulting from lifting, pushing, pulling, holding, carry­
ing, or throwing, all primarily MMH activities. These events cost 
US businesses $15.1 billion in direct costs and accounted for 
'over 25% of the overall national disabling injury burden.3 

In 2011 approximately 3 million workers in private industry 
.and 8 2 t 000 in state and local government experienced a nonfatal 
()Ccupational injwy or illness with an estimated cost to the US 
economy of $200 biUion annually." High-lisk oc.::upations, which 

*The findings and c,1nclusions in this chapter are those of the authors 
and do not necessarily represent the views of the National lnstJtute 
for Occupational Safety and He,lll h, 
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are defined as one where the days-away-from-work (DAFW) rate 
is at least twice the DMW rate of 113.3 cases of in_jwy and ill­
nesses per 10000 full-time employees (FfEs), included two 
occupations with more than a million workers where MMH 
activities are involved. These were drivers (sales and trucks) and 
hand laborers (freight, stock, and material movers).4 The esti-· 
mated number of drivers was 2 721 000 and the DAPW rate was 
329.4/10 000 FIE, and for hand laborers the number employed 
was l 616 000 and the DAfi"W rnte was 440.3/10 000 FIE.4 

Musculoskeletal disorder.s (MSDs), as defined by the 
BLS, include soft tissue injmies to the trunk and upper and 
lower extremities and occmred at i1 rate of 35.8 days-away­
from-work cases pet· 10 000 FTE in 2013 (including private 
and state and local government).'1 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 illness and injury cases in 2013. Nursing assistants 
and laborers and freight, stock, and material movers showed 
the greatest number of MSD cases in 20 J 3. 

This chapter provides an overview of the hazards associ­
ated with M.MH. It will focus on muscular strains and 
sprains, primarily in the torso or exnemities. The prevention 
of these injuries requires sufficient knowledge to both iden­
tify 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 occur when workers perform tasks rhat ex.ceed their 
physical capacities. fo addition, the physical capacities 

Physical mu! Rio/ogirnl J-houds r,r the m,rkp/au, Third Ed1tiun. Edited by Gregg M_ St£1w and Petc:r H Wald. 
(\;J 2Ui 7 John Wiley & Sons. Jnc. Publlsh~d 20 l 7 hy John Wiley & Sons, h\c, 
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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 industry and state and local govern­
ment.5 The overall incidence rate of nonfatal occupational 
injury and i11ness cases requiring DAFW to 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 10 000 FTE (20.0 for back). The rate for lower 
extremity (e.g., knee, ankle, foot) is 24.8 and upper extrem­
ity (e.g., shoulder, arm, wrist, hand) is 32.5.5 

A recent report by the National Safety Council indicated 
that the total number of nonfatal private industry occupational 
injuries and illnesses involving DAFW was 905 690 cases in 
2012.6 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, ann, 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 89 260 nonfatal 
DAFW cases in 2012. On a percentage basis, the parts of the 
body affected that related to MMH activities were hunk 
(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 parts of 
the body associated with MMH activities for 2011-2012 
reported by the National Safety Council were as follows: 
(i) ann/shoulders, $42 742; (ii) lower back, $38 492; (iii) upper 
back, $34297; (iv) multiple trunk/abdomen, $22361; and 
(v) hand/fingers/wrist, $21 726.6 The actual percentage of 
workers employed in jobs that require MMH tasks is difficult 
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 conducted 
in 2002, 2006, and 2010 and roughly indicate that 48% of 
respondents had jobs that required these activities.7

-
9 

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 intervertebral 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 strnctures 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 
lateral and posterior spinous processes also fonn 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 imp011ant 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 or the anatomy and clinical conditions involv­
ing the lumbar spine is available in another publication. 10 

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 nonspecific 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 extremity and lower back MSDs. The 
NIOSH researchers identified more than 2000 studies, exam­
ined more than 600 epidemiologic studies, and published a 
comprehensive review of the epidemiologic studies of back 
and upper extremity MSDs and occupational exposures. 11 

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."12 A systematic review conducted by 
da Costa and Vieira13 examined 1761 studies published since 
the NIOSH1 1 review on work-related musculoskeletal 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. 13 



)Jt is generally recognized that musculoskeletal injuries 
Jhi·~ a function of a complex set of variables, including aspects 
i6(job design, work environment, and personal factors. 
Moreover, work-related MSDs may result from direct 
.tfauma, a single exertion (overexe11ion), or multiple exer­
tibris (repetitive trauma); typically, it is difficult to determine 
µi/specific nature of the causal mechanism. A variety of 
triJnual handling activities increase a worker's risk of devel­
gping an MSD, including jobs that involve a significant 

• aµiount of manual lifting, pushing, pulling, or canying and 
j()psrequiring awkward postures, prolonged standing or sit­

:.Jillg, or exposure to cyclic loading (whole-body vibration). 
(In addition to these frequent patterns of usage, a variety of 
)~ri1·sonal and environmental factors may affect the risk of 
developing an MSD. Risk factors increase the probability 
§I.occurrence of a disease or disorder, though they are not 

/necessarily causal factors. For the problem of low back inju­
\iesiinvolving MMH, four categories of risk factors have 
been identified by epidemiologic studies-personal, envi­
i:orimental, job related, and psychosocial/organizational: 

,::,= . .-::-.: 

,w,:r Personal risk factoi> are conditions m ch,rnct,cistics 
·./ of the worker that affect the probability that an overex­
>i e11ion injury may occur. Personal risk factors include 

· attributes such as age, gender, level of physical condi-
• .. tioning, strength, and medical history. 

Y • Environmental risk factors are conditions or character­
> istics of the external surroundings that affect the probability 

\) that 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 injmy 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. 1- 9 

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. 14 

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 MaITas15 led to increased attention to multiple risk 
factors, highlighting the role that psychosocial factors play in 
affecting the risk of injmy that may be as important as the 

tABLE 3.1 Risk factors associated with manual material handling injuries. 

· ... ·· Jri~lf~ctors 

r;i!>··· 
Anthropometry (height 
ii and weight) 

fllysical fitness and 
i training 

il,umbar mobility 

§.trength 
.':'i"\.· __ ::_ 

1)1edical history 

)'ears of employment 

§nioking 
fi.natomical abnormality 

Environmental 
•factors.• 

Humidity 

Light 

Noise 

Vibration 

Foot traction 

Location of load relative to the worker 

Distance object is moved 

Frequency and duration of handling 
activity 

Bending and twisting 

Weight of object or force required to 
move object 

Coupling/grip strength required 

Stab ill ty of the load 

Occupational stress 

Job satisfaction 

Monotonous work 

Social support at work 

High perceived work 
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 modified body mechanics. Recent 
systematic reviews 13•16.17 have helped shrupen the focus on 
which 1isk 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 lack 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. 

Checklists • Simple to use 

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," 18 A variety of ergonomic measurement tools 
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 assocfated 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 wilt best fit a 
worker population.19-21 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 al'e 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.11-2-; Any assessment of physical stress or 
human capacity is complicated by the influence of a vari­
ety of psychosocial factors, inc1uding work perfom1ance, 
motivation, expectation, and fatigue tolel"ance. 

· Disadvantages .· 

• Best suited for use as a preliminary assessment tool 
• Do not provide detailed information about the 

specific risk factors 

Biomechanical 
models 

Psychophysical 
tables 

Physiologic 
models 

Integrated 
assessment 
models 

Videotape 
assessment 

Exposure 
monitors 

• Applicable to a wide range of manual handling jobs 

• Provide detailed estimates of mechanical forces on 
musculoskeleta! 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 h.andling 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 l<1rge number of ,rn.rnple.s 

• Provide direet measures of posture and kinematics 
during manual handling 

• Applicable to a wide range of MMH activities 
--------,·---------------·-------
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• 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 what is safe 

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

• Not applicabk 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 rwo-dimemional analysis 

• Require the worker to wear a device nn the body 
• La..:k of data linking monitor output anu risk 

of injury 
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CheckJisti. 

A checklist is an obSt:rvacional technique thnt is often the first 
choice for fl rnpi<l ergonomic assessment of a particular work­
place. Checklists are designed to pnvidc a general evaluation 
of the extent of a specific hazard that may he a~sociated with 

publication Ergonomfr: Guidelines fir Manual Material 
lfmiriling." An example of an ~lMH checklist is presented in 
Figure 3. I For more infonnation on check]i.qs, see David 1'', 

Demp,;csy et nF\ or Easunan Kod,ik. 2' 

Himnechanical models 
· an MMH task or job, A checklist usually consists of a series 

of questions :Jbout physical stressors such at, frequent bend­
ing, heavy lifting, awkward or constrained postures, poor 
couplings at the bands or feet, and hazardous environmental 
c{mditions. Some checklist~ use a ycslrw format; othern use a 
numerical rating format. Check1i8IS are easy to use, but they 
lack spedficity and they are iwprccise. Althuugh there tnany 
examples of ch1x:klist:,; available, chccklisl, that arc more 
relevant to MMH appear in Appendix B of the NIOSII 

Various biomedrnnical models have been devclopt:.d starting 
in the early l 970s to estimate the stresses on body joints 
from external forcc_G (i.e., loads) for a spe,:ific 1\-11\HI task." 
The ultimate goal was to understand the causes of MSDs 
a.,sociatecl wirh MMH tasks in order to develop effective 
interventions. \rfode.Js can be two-dimem,ional (2D) ot· (3D) 
three··dimensiunal and dthcr stati1; or dynarnic. The two­
din1cnsiunal (2D) models were first developed, particularly 

NJOSH hazard evalu.atlon cheeklist for lifting, c,myirrg, pushing, or pulling 

Risk factors 

J. General 
LI Does th<' load ltandkd cx:ceed. 50 .!bs.'1 
L2 ls the ol,ject ctiffkulr to bring close to 

the body lxcaus.::; of its size. bulk, or shape? 
l. 3 I, t.he load hard to ban(ik tx:cau:se it 

lacks h,mdlc.s or cutouts for hrndles, or does it have 
;;Hppery ~t1rfoces ur ,,harp edge1? 

l A fa the fooring unsafe? For example, are 
the llnors slippery, indlned. ar uneven'! 

1.5 Doe., the task re4uire fast movement, 
such a1. lhrnwing. swinging, or rapid walking') 

l 6 Doe~ the ta,k reqnire str~s;;fut body 
postun:s, such as stooping to the floor, h•,;ist:ing, 
rc:aching overhead, 0r excessive latcrJl bending'> 

l _7 ls. most of the load handled hy only one 
hand, arm, or slwuldt>r? 

LB Doe.., the task require working in 
.:nviron1:1ental hazards, such aB extreme temperatures. 
nnis:e, vihration, lighting:, or airhornc contaminants? 

L9 Dues the l.\Sk require working in a 
,:;rmfined areil? 

2 Specific 
2.1 Does rhe tiffing frequency ex.ceed :i lifts per 

minme? 
2.2 Doe,; the vertical lifting di~rnnce exceed .1 ft'.' 

2J Do carries last I.unger tilan i minulc? 
2.4 Do tnRks which require large su,ta;ined ptrnhing 

or pu!Hng fore<'\~ c.•.ceed 30 seconds duration? 
2.5 Do extended reach .sr,1tk hohiinr,: wsk.~ 

exceed l minute'! 

Yes 
[ J 
I I 

r 1 

r 1 

r 1 

r 1 

[ l 

l ] 

I l 

[ ] 

[ l 
[ J 
[ J 

I I 

r 1 

r 1 

[ l 

I l 

f l 
[ l 
I l 

r J 

Comment: "Yes'' responses are indicative of condJtiom that pose a risk of developing 
low back pain. The iarger t:ie peR'.ccntage of ''ye~" respon~e;:, lhe greater the pDssibie risk. 

3.1 Manual material h !lildling checklist 
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for the purpose of estimating joint loading due lo manual 
lifting. These early static models were based on Newtonian 
mechanics and did not consider muscle cocontractions for 
stabi1izing the trunk musculature during movements. The 2D 
models were mainly concerned about body movements on 
the sagiltal plane without taking into account body move­
ments outside the plane. During the late 1970s andthe 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. 28 and Rodrick and Karwowski29 

have published detailed discussions of biomechanical mod­
eling that describes various 2D and 3D models. 

A brief discussion of some of the 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 cornpres­
sion.30 A model by Schultz and Andersson estimates both the 
compression and shear forces for static lifting conditions 
based on modeling 10 trunk muscles and introducing intra­
abdominal pressure.31 Dynamic models that can estimate 
loads from various lifting tasks in the workplace have been 
developed by several investigators, including Freivalds et al. 32 

Important findings that have supported the development 
dynamic biomechanical models are briefly summarized. 
McGill and Nonnan reported that the load on the lumbar spine 
under dynamic lifting conditions was at least 25% greater than 
had been estimated from the static models.33 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."34 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-abdominal pressure (IAP), muscular co-contraction, 
and posterior ligamentous structures. Manas 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.35 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 biornechanical model 
developed by Marras and colleagues is an example of a 
dynamic model that has been used in MMH research.36 

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 lo be used in field studies or in 
simulated workplace tasks.37.38 Dynamic models are also 
better for assessing upper extremity 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 
occur at loads less than the ultimate compression strength of 
these structures and within the range of forces and repetitions 
in activities of daily living, work, and sporting activities. 10 

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 arc less likely to result in damage even with 
multiple repetitions, but at loads of 50-60% maximum stress 
damage after 100 repetitions is 39% and at loads of 60-70% 
the probability rises to 63%.39 Repetitions of 100 and up to 
1000 are in the range for many occupational activities.39 

Psychophysical tables 

Psychophysics has been defined as the exact science of the 
functional relations between "body and mind."40 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.41 A worker's subjective detennination 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 perlormed 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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'.['ABLE 3.3 Portion of a Psychophysical Table for maximum acceptable Push Force . 

. Maxim~mAcceptabl~ Forces of Sustain~d ;t>11sh(k.g) for l5.2IllP~sh ... · .. 
· .. ·. Percentage of .. 

· · industrial Females ·sh 
90 5 6 6 7 7 8 10 
75 7 8 9 10 11 11 14 
50 9 11 13 13 14 15 19 
25 12 !4 16 16 18 19 24 
10 14 17 19 19 21 23 28 

<Adapted from Snook SH, Ciriello VM. The design of manual-handling tasks: revised tables of maximum acceptable weights and forces. Ergonomics 199!; 
\34:1197-1213. Reprinted with permission. 

\acceptable weights for a lift or caiTy or acceptable forces 
of pushing and pulling.42 A psychophysical table for accept­
.able forces for sustained push is shown in Table 3.3. For 
iuore information on psychophysical databases, see Snook,24 

.Snook and Ciriello,42 or Ayoub and Mital.43 

< Other psychophysical assessment methods have been 
\developed to assess various MMH activities. For example, 
se1f ~report measures such as rating of perceived exertion 
(RPE)44 and body prut discomfort (BPD)45 have been used to 

>assess a variety of lifting jobs. These assessment measures 
provide useful information about the worker's perception of 

\ the physical demands of the job. Moreover, RPE and BPD 
(sompare favorably with measures of physical demand. 
{ Databases containing whole-body and segmental strength 

pieasures have also been developed for the design of MMH 
>tasks. These include isometric, isokinetic, and isoinertial 
\ strength databases for whole-body activities, such as lifting, 
.>and various databases for the arms, legs, and back. For more 

iriformation on strength measurement, see Ayoub and Mital43 

I.ind Chaffin et al. n 

\( . It should be noted that psychophysics relies on self-reports 
>from subjects; consequently, the perceived "acceptable" limit 
{ giay differ from the actual "safe" limit. In addition, the psy­

phophysical approach may not be valid for all tasks, such as 
?high-frequency lifting.25 

\~ltysiological models 

\6ne of the goals in designing an MMH task is to avoid the i ~ccwnulation of physical fatigue, which may contribute to an 
/P.Verexertion injmy. This fatigue can affect specific muscles or 
\ groups of muscles, or it can affect the whole body by reducing 
.Jhe aerobic capacities available to sustain work. Two physio· 
ilcigical factors that affect the suitability of an MMH task at the 
Jpcal muscle effmt level include the duration of force exertion 

\.•and the frequency of exertions. Local muscular fatigue will 
/levelop if a heavy effort is sustained for a long period. With 

\heavy loads, the muscles need a substantially longer recovery 
}period to return to their previous state. Small changes in work­
} place 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. 

Local muscle fatigue may limit the acceptable workloads 
for MMH tasks that are performed for short but intensive 
periods during a work shift. However, it is the energy expend­
iture demands of repetitive tasks that have the most profound 
effect on what a worker is able to do over a longer period of 
time. Energy expenditure demands are dependent upon the 
extent of muscular exertion, frequency of activity, and dura, 
tion of continuous work. A worker's limit for physiologic 
fatigue is often affected by a combination of discomfort in 
local muscle groups and more centralized (systemic) fatigue 
associated with oxygen demand and cardiovascular strain. 26.46 

To assess the cardiovascular demands of MMH tasks, 
physiologic parameters such as heart rate (HR), oxygen con­
sumption, and ventilation rate may be used. In addition, elec­
tromyographic (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. 

Physiological models provide a method for estimating the 
cardiovascular demands associated with a specific MMH 
activity. One such model, developed by Garg, allows the ana­
lyst to estimate the energy expenditure demands associated 
with a complex MMH job.47 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 bending, walking, carrying, vertical lifting or lowe1ing, 
and horizontal arm movement. The total energy expenditure 
requirements for the job are then estimated by summing the 
incremental expenditures of all of the subtasks. 

Direct measure of oxygen consumption may provide the best 
estimate of physiological demand. For this type of measurement, 
it is assumed that the consumption of 1 L of oxygen per minute 
is approximately equal to 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 Rodahl48 or Eastman Kodak.26 

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 (JSI).29,49 Examples of integrated 
assessment models for MMH are briefly summarized and 
critiqued in a recent review article.:i0 

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.51 and the 3D Static Strength Prediction Program52 

(3DSSPPTM) 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, slow 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 report. 

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 arc generally easy to use, and 
the output data are presented in a form that is easy to unde'r­
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.5>--55 Compared to front- and 
back-viewing angles, side-viewing angle is associated with 
the least error for posture specification. 53•54 Estimation of 
larger body parts generally results in better reliability. 56 

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.28 or Eastman Kodak.26 



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 

.·~ 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 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 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 
also be recorded if the work is manually intensive or extremely 

.· ·• repetitive 
•• ff possible, film jobs in the order in wltich 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. 
t /\void 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 

~xposure monitors 

J\,1onitoring devices have been developed to measure various 
\aspects of physical activity, such as position, velocity, and 
~9celeration of movement. Some monitors can even measure 
t~ree-dimensional joint angles in real time. These systems 
consist of mechanical sensors that are attached to various 
pai1s of the worker's body, such as the wrist, back, or knees. 
'l'he mechanical sensors convert angular displacement (rota­
tion) into voltage changes that can be displayed in real time 

. btsaved to a computer for later analysis. The position meas­
i~res acquired from the sensors can then be differentiated to 
(>btain rotational velocities and acceleration components. 
Jhese movement characteristics may be used to estimate the 

\extent of risk associated with a particular task and help to 
identify potential ergonomic solutions. Examples of posi­
)ional monitoring equipment include potentiometer-based 
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lumbar and wrist motion monitors, such as those developed 
at the Ohio State University57•58 as well as strain gauge-based 
strip goniometers, such as those available from NexGen 
Ergonomics, Inc. (Pointe-Claire, Quebec, Canada, www. 
nexgenergo.com). 

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."9 

In recent years, a new type of ine11ial 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 
wholeabody movements in real time.60 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.61 

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.62 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).63 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 lifting 
equation. In addition to the four risk factors addressed by the 
1981 equation (i.e., horizontal location, ve1tical 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). 25 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 multipliers that define the extent of physical stress 
associated with individual task factors; (ii) the NIOSH 
recommended weight limit (RWL), a task-specific value that 
defines the load weight that is considered safe for nearly all 
healthy workers; and (iii) 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=LCxHMxVMxDMxAMxCMxFM 

where the load constant (LC) is equal to 51 lb 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 = horizontal (25/H) (10/H) 
multiplier 

VM = vertical [l-(0.003IV-75Dl [1-(0.00751V-301)] 
multiplier 

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

AM = asymmetric [l-(0.0032A)] [1-(0.0032A)] 
multiplier 

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 (lb 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 t}le body. Measure at the origin and 
destination of the lift (0 ). 

F = average frequency rate of 1ifting measured in lifts/, 
minute. Duration is defined as <l, 1-2, or 2-Bhours.' 
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 pmticular 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: 

load weight L 
LI= =--

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.64 The document can be 



TABLE 3.6 Frequency multiplier (FM). 

· i!'rJ9ut!ncy 
Uftshnint1te 

0.2 
0.5 
1 
2 
3··. 
4. ·. 
5 
6 
7 
8 
9. 
Jo 
.11 
)2. 
13 
14 
15. 
>15 

1.00 
0.97 
0.94 
0.91 
0.88 
0.84 
0.80 
0.75 
0.70 
0.60 
0.52 
0.45 
0.41 
0.37 
0.00 
0.00 
0.00 
0.00 

:V!Llues of Vare in cm; 75cm,,30in. 

j'~LE 3.7 Coupling multiplier (CM). 

1.00 
0.97 
0.94 
0.91 
0.88 
0.84 
0.80 
0.75 
0.70 
0.60 
0.52 
0.45 
0.41 
0.37 
0.34 
0.31 
0.28 
0.00 

:~ijµ~tiiigs · ·· · Coupling multipliers.·· 

i!:!:!i•/········· 
F<lir.··· 
lliiiir 

·:::::\:.\\i:\:·:.:i_: :.·:. 

V<75 cm(30in.) 

1.00 
0.95 
0.90 

V?:75cm (30in.) . 

1.00 
1.00 
0.90 

IiJwnloaded from the NIOSH website (https://www.cdc. 
<~°;Y/lliosh/docs/94-110/). 

The developers of the revised NIOSH lifting equation 
/~114icated that studies were needed to determine the effec­
)~yeness of the NIOSH lifting equation in identifying jobs 
)&Ith increased risk of lifting-related LBP for workers. 
~~searchers at NIOSH published the results of a cross­
i~~ctional epidemiologic study designed to evaluate the effec-
~y¢ness of the equation in identifying jobs with elevated 1isk 

i~f.c:ausing LBP.65 In the NIOSH study, 50 jobs were evalu­
<~t~gusing the revised NIOSH lifting equation. The LI values 
?pfthe jobs were compared to information obtained abo.ut the 
•7~.gsymptoms in people who worked in those jobs. Using 
C}p&istic regression modeling, the odds ratio (OR) for LBP 
• )Y~s getermined for various categories of LI values com­
:MR%'ed to the unexposed control group. LBP was assessed 
:~itll a symptom and occupational history questionnaire that 
;;~~s administered to 204 workers employed in lifting jobs 
I''~!.l. 80 workers employed in nonlifting jobs. Participation 
,y·was 89-95% among the exposed workers and 82-100% 
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Work d~r~tion ·. 

. 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 

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 
occuning in the two to three LI category (unadjusted 
0R=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 multiple 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 summarizes this 
recent research involving the revised NIOSH lifting equation 
is available from Lu et al.66 

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 a11ow for a rapid return to 
work (ii) ensure that proper diagnostic tools are used so that 
an accurate assessment is made of the magnitude of the 
injury, and (iii) provide appropriate cost-effective treatments 
that avoid unnecessary surgery. The system 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 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. 67 

Although a variety of MSDs result from MMH, the single 
most costly medical condition is work-related LBP, which 
affects millions of Ameiicans. 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 Healthcare Research and Quality) 
website at www.ahrq.gov. These guidelines, although some­
what outdated, focused on returning the patient to normal 
activity and were in widespread use. A more recent review, 
which is more inclusive and includes additional return to 
work (RTW) models, is provided by Schultz ct al. 69 

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 impainnent, 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.70 

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,71 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 eventually 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.72 and Casazza.73 

The first step in diagnosing LBP, and perhaps the most 
impm1ant, is the medical histmy. The medical history should 
include an assessment of current 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.72.74-77 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 LS and S 1 nerve roots, since the 
vast majority of disk herniations occur at either the L4-L5 or 
L5-S 1 interspaces. It has been suggested that a system 
should be developed to ensure that all parts of the examina­
tion are completed. 73

·
76 

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 potentially associated with radiculopathy or spinal 
stenosis, or (iii) back pain potentially associated with another 
specific spinal cause.72 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.73 Magnetic 
resonance imaging (MRI) may be most appropriate if a 
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. 76

·
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i . Recent recommendations for treatment on nonspecific 
i~ack pain have changed from previous recommendations as 
evaluations of effective treatments improved. Practitioners 
freating LBP should review the ACOEM Practice Guidelines 
for low back disorders. 79 

. Casazza73 categorizes treatments into (i) recommended, 
(ii) acceptable, (iii) unsupported, and (iv) inadvisable, using 
ah evidence-based approach. Recommended treatments are 
.medications and patient education. Nonsteroidal anti-inflam­
matory drugs (NSAIDS) are effective for short-term relief 
as are benzodiazepine muscle relaxants. Opioids, while 
l:requently prescribed, showed little evidence of benefit over 
NSAIDS in relief or return to work. Epidural steroid injec­
#ons are frequently offered after 2-6 weeks of no relief from 
{~qicular pain with noninvasive treatment. However, the 
FDAhas not approved corticosteroids for such use and has 
stated that the effectiveness and safety of the drugs for this 
rise have not been established. 80 Patient education involves 
aµvising patients to stay active as much as the pain allows, 
avoid twisting and bending, and return to normal activities as 
ioon as possible. Assurance that acute back pain is mostly 
<benign in nature is important. Acceptable treatments are 
physical therapy, especially the McKenzie method,81 and 
physical therapist-directed home exercise and application of 
)ice.or heat treatments in the first 5 days of pain occmTence. 
µ~suppmied treatments include oral steroids, acupuncture, 
¢xen::ise, lumbar support, massage, spinal manipulation, and 
traction. Many of the treatments in the unsupported list lack 
.liigh-quality studies to evaluate intervention effectiveness 
J,11t/may be beneficial for some patients. An inadvisable 
>ll'e!ltment is bed rest, especially prolonged bed rest. 
.)iJfconservative therapy fails and 4--6 weeks have passed, 
fllrther diagnostic tests should be scheduled. These cases 
generally fall into one of the fo11owing four categories, by 
~ocition of the patient's predominant complaints: (i) LBP, 
>Yhich is typically diagnosed as back sprain; (ii) leg pain 

<radiating below the knee, which is commonly referred to as 
}~piatica; (iii) posterior thigh pain; and (iv) anterior thigh 
pain/Each of these conditions warrants a unique treatment 
t~gimen.fi7 It may also be appropriate to thoroughly investi­

\$~1e and address psychological and psychosocial issues that 
were not identified at the initial assessment. Failure to deal 
'1-Vitlia significant psychological or psychosocial issue will 
qe1ay the patient's return to work and may ultimately result 
iILtreatment failure and continuing disability. 
. i Afew back pain patients have symptoms suggesting sci­
.:tti.ca, which is usually the first clue to a herniated disk. It is 
~stimated that only 5-10% of patients with persistent sciat­
}p~xequire surgery. In general, only patients diagnosed with 
p,uda equina compression (CEC) or a similar mechanoana­
l?niic problem require immediate surgical intervention. 
Pfher indications for referral include severe or progressive 
~~urnlogic deficits, or persistent neurologic finding after 4-6 
;fe;:eks of conservative therapy. In the overwhelming number 
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of cases of LBP, the appropriate treatment includes a course 
of conservative therapy. 67.82 

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. 82 

MEDICAL SURVEILLANCE 

Active and passive surveillance of the workplace al'e 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 
categmized into three general types: (i) workplace directed, 
(ii) worker directed, and, (iii) employee screening. 

Workplace~directed approaches 

A U1'0MATlON 

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 
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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.2 Additionally, a recent NIOSH publica­
tion Ergonomic Solutions for Retailers is specifically oriented 
for prevention of MMH injmies in the grocery sector 
and illustrates mechanical aids that are useful in the 
grocery sector. 83 

ERGONOMIC DESIGN CHANGES 

For MMH jobs, ergonomic design or redesign may be 
accomplished by modifying the job layout, engineering 
redesign, 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 
behaviors, 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 to 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 overexe1tion 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,84 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 1isk factors may contribute to 
these injuries, how to recognize and report symptoms, and 
how to prevent these injuries. Training should also include 
job-specific 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: 
(i) all exposed workers, (ii) supervisors, (iii) 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 matelials 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 loads when they 
perform the task correctly than if they perform the task 
inconectly. Fitness training is based on the premise that 
people can safely handle greater loads when their strength or 
aerobic capacity is increased. 

J NSTRUCTJONAL 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 techniques 
before scientific evaluation showed limited usefulness. 
NIOSH concluded, in 1994, that there was insufficient evi­
dence to recommend the use of back belts as a back injury 
prevention measure. 85·8(i 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.87- 8~ 

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 
posture). This either/or approach does not always provide 
the "safest" lifting style.62 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 



lllOSt appropriate keeping in mind the avoidance of excessive 
bending and reach. 
.· · Secondly, the instructional approach relies on the work­

~r's ability to comply with a set of recommended practices 
ithat may be forgotten or changed from time to time. To some 
extent, worker's ability to comply with safe practices can be 
improved with training materials that are more specifically 
directed at the MMH activities they are involved with. Two 
recent NIOSH documents such as Simple Solutions for 
Home Building Worke rs90 and the aforementioned Ergonomic 
Solutions for Retailers are examples. K3 

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 instmctional training should provide information to 
workers on how they can become involved in the process of 
preventing and controlling injuries on the job. An excellent 
n:view of the effectiveness of training and education 
programs for prevention of workplace injuries has recently 
been published.91 

FJTNESS 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 and risk of injury pe1form­
ing 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.92 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.90 

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 sup­
plement to workplace-diTected 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. 93 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 detennining 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 detennining strength capacity.94 

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. 95 Kroemer claims that isoin­
e11ial strength testing is the most appropriate lilting strength 
testing method because it matches actual lifting conditions. 96 

Isoinertial methods, however, have not been generally vali­
dated in terms of their ability to predict risk of injmy. 97 

Maximum isometric lifting strength (MILS) has been 
studied and reported extensively. It has a well-established 
testing procedure98 and has been reported in field tests to 
predict risk of injury. 22

,
99 Extensive 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.1"0 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. Hm 

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. 101 

MruTas et al. published an ergonomic guide for assessing 
dynamic measures of low back performance. 102 This guide 
provides information on elements of dynamic perfonnance, 
techniques to assess dynamic performance, and relation­
ships between testing techniques and internal forces. Bos 
et al. reported the results of a systematic literature search to 
identify specific lifting, pushing, and pulling demands and 
evaluate reliable and valid tests for the assessment of accept­
able load on an individual level. 103 Results showed that there 
was no universal strategy for the definition of occupational 
demand and none of the tests met the criteria 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 tests, but not for a maximum acceptable load at an 
individual level. 

SUMMARY 

In summary, MMH activities, such as excessive lifting, 
pushing, pulling, and cruTying, 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 tools 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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Current status and future concerns 

There is clear evidence that many MMH activities that 
involve lifting, pushing, pulling, or CruTying present risks to 
workers for developing l\l(SDs. 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. 11 •12·104 A list of some identified 
research gaps is presented below. 

1. How accurate are methods for measuring a worker's 
maximum safe capacity? Worker selection approaches 
assume that it is possible to accurately detennine 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 availab1e 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 



must address to reduce work-related injuries. Efforts to limit 
workplace hazards will only be successful with the full 
cooperation of management, government, and labor and, of 
course, the workers themselves. Solutions will require 
collaborative efforts of all involved. 
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