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EPIDEMIOLOGY OF WORK­
RELATED MUSCULOSKELETAL 

DISORDERS 

Thonlils R. Hales, MD,. and Bruce r. Bernard, MD, MPH 

Musculosl<elctal disorders (MSDs) are dis­
orders of the so(t tissues and their sur­
rounding structures not resulting from an 
acule or instantaneous event (e.g., slips or 
falls). In lhe epidemiologic literature, MSD 
c.m be grouped as 

Clinietlly well-defined disordeis (such as 
tendinitis, carpal tuMel syndrome, illld 
hand-arm vibration syndrome) 

l..e:.'i diniailly wttll-defined ronditions (such 
as tension neck syndrome) 

Nonspecific fsuch as repetitive slr.lin injury 
!RSI), cumulative lr.Juma disonlers (CIDsL 
overuse syndrome, and Cl!rvicobrachinl 
disordc,s 

Clinicians typically ColJI easily relate to the 
"cliruc.illy well-<felincd" disorders in which 
the crileria fur the epidcmiologlsl's ".:asc 
dcftnition" arc similar lo the clinician's "diag­
nostic criteria." Unfortunately, most clinicians 
are not familiar with the more inclusive 
"surveillance" case definitions used by epide­
miologists lo identify risk fuclors and lo insli· 
tule preventi\•e measures rather than to diag· 
nose and lrcat individual patients. Vender ct 
aim r«enlly exhorted that the issue of work· 
related MSD fails to incorporate sound mcdi· 
cal diagnostic criteria in defining and idcnti-
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fying these conditions. Civcn cllrucians' dif­
ficulty with these broad, less well-i!efincd 
terms, it Is somewhat ironic that the term 
Olll71ISt syndro= seems to have originated In 
the orthopl.'dic literature to describe athletic 
injuries."" Another term that has crossed over 
&om the orthopedic literature is RSI, used to 
dcscn1ie injuries In distanQ! runnt>rs. •a Riihi • 
mllki"" recently staled, in an editorial con· 
ceming MSD, that the wide use of the stan· 
dardizcd Nordic questionnaire has perhaps 
prohibited progress in the field of MSD re­
search because of its over simplicity and lack 
or spt.'Cifrc criteria. Armstrong. on the other 
hand, pointed out that "while an L'X.3Ct diag· 
nosis is desirable for affected workers," in 
most cases, it is desirable lo inlCJVene in the 
work place before explidl signs of disease 
develop. This confusion ovl.'I' terminology and 
case definitions has had a dramatic imp.id on 
tlM! roo,gnition, reporting. ~urveillance, and In­
dividual diagnoses of lhe;e disordets. ~"'" 

MSOs an: considered lo be work-related 
when lhc work cnvironmmt and lhc pcrfor­= of work contribute significantly lo 
their development."' Work-related MSDs are, 
therefore, distinguishable from occupational 
diseases in that occupational diseases haw 
a direct cause-effect relationship between a 
single haz.anl and a specific diseal;e (e.g., as­
bestos and asbestosis, silica and silicosis), 
where.as MSDs do noL Epidemiologic studies 
have identified ~veral work-plaCI! risk factors 
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associated with these disorders in workers. 
This article critically examines this literature 
to describe (1) the magnitude of the problem; 
(2) the risks associated with various occupa­
tions and industries; and (3) specific personal, 
physical, and psychosocial risk factors associ­
ated with these disorders. 

EPIDEMIOLOGY 

Before focusing on the evidence, the follow­
ing section lays a foundation for health pro· 
fessionals without epidemiologic training to 
interpret the results of MSD epidemiologic 
studies. 

Definition 

Epidemiology is the study of the distribu­
tion and determinants of health problems in 
specified populations and the application of 
the study lo the control of the problems.12., 

It is important to note that this definition 
recognizes the role of the epidemiologist to 
describe both the distribution (e.g., person, 
place, and time) and determinants (e.g., risk 
factors) of disease and to link those findings 
to prevention programs. Studies in epidemi­
ology seek to find associations between expo­
sure and disease (cause and effect). The need 
to identify and interpret associations is great­
est for conditions accounting for a large share 
of society's health problems. Given the mag­
nitude of the work-related MSD problem in 
the United States (elaborated upon later in 
this article), musculoskeletal conditions fulfill 
this criterion. 

Epldemlologic Study Design Issues 

Epidemiologic studies seek to identify fac­
tors associated, positively or negatively, with 
the development of adverse health outcomes. 
These factors can be demographic, genetic, 
lifestyle-related occupational, behavioral, or 
environmental, and a variety of study designs 
are available to identify them: 

Descripti\'e 
Case reports 
Case series 

Analytic 
Case-control 
Cohort (prospective or retrospective) 
Cross-sectional 

A brief synopsis of the types of studies con­
ducted for occupational MSD follows. 

Case reports and case series are reports of 
disorders identified during the clinical evalu­
ation of individual employees or several 
members of a work force. The author typi­
cally describes some interesting or intriguing 
observations among the employees. Case re­
ports and case series typically generate 
hypotheses that can then be investigc1ted in 
analytic epidemiologic studies, such as cross· 
sectional, case-control, and cohort studies. 
These reports or series shoul i not be viewed 
as providing evidence for c,rnsal association 
between a particular exposur ' <; and MSDs. In 
addition, because case report, and case series 
do not involve hypothesis t•sting or ha\·e 
comparison groups, many ep Jemiologists do 
not consider them to bt> "epidemiologic 
studies." 

Case-control studies select subjects based 
on their "disease" status. Differences in expo­
sures are compared between employees who 
are MSD "cases" and those who are "non­
cases" ("controls" or "referents"). A ratio is 
generated between the proportion of cases 
exposed to the risk factor versus the propor­
tion of noncases exposed. This ratio is known 
as the odds ratio (OR). The OR informs the 
reader regarding the strength of the associa­
tion behveen the exposure and the work~re­
lated MSD. An OR of 3 for a particular expo· 
sure factor, for example, suggests that factor 
will increase your risk of getting that disease 
threefold. Two statistical nwasures are used 
to ensure that associations c1rc not attributable 
to chance-the P value and the confidence 
interval (Cl). By convention, scientists often 
use a P value < 0.05 to conclude that the 
results observed were unlikclv to have arisen 
by chance (the results 95 times out of 100 
would not be attributable to chance). The CI 
indicates the probable range in which the OR 
actually foils. Again, by convention, scientist 
typically use a 95':o Cl. If the CI includes 1, 
the association between the exposure and the 
MSD may have occurred by chance alone, 
and the OR is not considered statistically sig­
nificant. Case-control studies are good for 
evaluating rarely occurring conditions or 
those that include a small number of cases. 
The main limitation of case-control studies is 
the inability to determine the temporal rela­
tionship between exposure and disease condi­
tion. Another important consideration with 
case-control studies is how the control popu-
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Jation was selected, and whether it represents 
an appropriate comparison group. 

Cohort studies invoh•e the identification of 
an exposed worker population {cohort), fol­
low-up over time, and a determination of dis­
ease frequency in relation to the exposure 
type and level. When MSDs have not yet 
occurred at the time the exposure status is 
being ascertained, the study is considered a 
prospective cohort study. If MSDs have al­
readv occurred when the exposure status is 
being ascert,l111ed, the study is considered a 
retrospective cohort study. The incidence (de­
fined subsequently) of MSD cases among the 
exposed employees is compared with the in­
cidence o f M~D among the nonexposed em­
ployees. This comparison establishes n rela· 
tivc risk (RR), which assesses the relationship 
between exposures and MSD. A RR of greater 
than 1 implit!s that the incidence of MSD was 
greater in the exposed than the nonexposed 
group, thereby suggesting an association be­
tween thnt exposure factor and MSDs. A Cl 
is used to indicate the probable range in 
which the RR actually falls. 

Cross-sectional studies represent the most 
common s tudy designs investigating work­
related M5Ds. Employees are usually selected 
for study ba. cd on their exposure to a partic· 
ular factor in their employment within a par­
ticular indu-. try, occupation, plant, or depart­
ment. Expo ~ure is usually stratified into at 
least two categories, and MSD prevalences 
(defined sub..,equently) are determined among 
exposed an d nonexposed workers. TI,e preva­
lences of a MSD among the exposed and non­
exposed an: usually evaluated by a preva­
lence ratio; an OR can also be derived. 
Interpretation of the OR, CJ, and P value were 
discussed earlier. It is important to note that 
both the MSD and exposure status are deter­
mined more or Jess at the same time. This 
inabilit\· to establish a temporal relationship 
or to track exposure status over time is a 
major limitation of cross-sectional studies. An 
employee who acquires a work-related shoul­
der tendinitis attributable to factors from one 
job may be assigned to another job, for exam­
ple. This situation would both obscure the 
association of shoulder tendinitis with the 
original job and may erroneously associate 
the tendinitis with the second job. 

Using Epidemiologlc Studies to Infer 
Causality 

A number of criteria have been developed 
for the interpretation of epidemiologic 

data.II'!· 11>1 :11.r.rhe criteria relevant to the study 
of work-related MSDs can be summarized as 

Strength of the association 
Dose-response relationship 
Cons istency of the association 
Coherence 
Re\'ersibility 
Statistical significance 
Specificity 
Temporal relationship 

The size of the RR or OR is a measure of 
the strength of association. In general, strong 
associations (RR or OR greater th.in 3) arc 
unlikely to be attributable to chance or un· 
identified confounding associations and. 
therefore, support a potential causal as!>ocia­
tion.H' If the risk of disease incre,1ses as expo­
sure to a risk factor increases, a dose 
response relationship is said lo exist. A dose­
response relationship is relatively strong evi· 
dence for a causal association, but its absence 
does not rule out a causal association because 
of a potential threshold effect or inability to 
quantify the exposure adequately. Consis­
tency refers to whether the association has 
been reported in other sh.ldies. Diverse study 
designs conducted by a variety of researchers 
in several countries that yield similar associa­
tions support a causal association. Review of 
the literature in a more formal approach, 
known as meta-analysis, can synthesize data 
from many studies and derive a single best 
estimate of the strength of association. Coher­
ence implies the cause-effect interpretation 
for an ns ociation docs not conflict with the 
known natural history and biology of the dis­
ease. In other words, it is the biologic plausi­
bility, or belie\'ability of the potential associa­
tion. Re\'ersibility refers to whether the 
disease risk is lower with the elimination or 
reduction of the exposure to the risk factor. 
Ob\'iously, this criterion is only applicable to 
inlen•ention studies. Given the inability to 
control many of the potentially confounding 
factors for MSD, intervention studies are dif­
ficult to perform and therefore uncommon. 
Statistical significnnce refers to the process 
by which an association is estimated .to. be 
attributable to chance. Too often, statistical 
significance has been equated with clinical 
or public health significance. Taken out of 
context, the P value or Cl has little 
meaning.~~-'"' Specificity assumes that a cause 
leads to a single effect, not multiple effects. 
Gi\•en the multifactorial nature of most 
MSDs, this criterion may not always be ap-
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propriate for interpreting MSD epidemiologic 
studies. Temporal relationship refers to the 
condition required for causal associations­
the exposure precedes the disease. 

Incidence 

The incidence is defined as the number of 
new cases of disease in a population within a 
certain period of time. The basic characteristic 
of incidence data is that time is part of the 
units (i.e., cases/population/ time). Incident 
rates are usually measured in experimental 
and cohort studies. 

Prevalence 

Prevalence measures the number of cases 
that are present at, or during, a specified pe­
riod of time. The prevalence equals the ind· 
dence multiplied by the average duration of 
the disease. The two types of prevalence used 
by investigators are point prevalence and pe­
riod prevalence. Point prevalence refers to the 
number of cases present at a specified mo· 
ment of time. Period prevalence refers to the 
number of cases present during any part of a 
specified period of time-for example, 1 year. 
Pre\'alences are usually measured in cross· 
sectional studies. 

MAGNITUDE OF THE WORK­
RELATED MUSCULOSKELETAL 
DISORDER PROBLEM 

During the past 10 years, there have been 
increased interest, improved reporting, and 
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targeted surveillance of work·related MSDs. 
Despite widespread documentation, how·
ever, there remains some controversy as to
the extent of the problem in the United States.
This is because of many reasons, including:
(1) difficulty establishing ;:i specific dingnosis
for many of these disorders, (2) difficulty es­
tablishing whether an individual MSD case
is work·related, ;:ind (3) differing eligibility 
criteria for compensation among states. 

Upper Extremity Disorders 

Incidence 

The Bureau of Labor Stat i 1cs (BLS) esti·
mates over 332,000 c;:ises of d ,orders caused 
by repeated trauma occurred , 1994.38 From 
1984 to 1994, the incidence r.i t llf these disor­
ders increased from 5.1 to 39 ~ ses per 10,000 
full-time workers (ftw) (Fig. 1 This increase
probably is explained by n, o factors: (1) in·
creased awareness among e mployees, em­
ployers, and health care pro\·1ders that these
disorders may be work rclntl!d, thereby re·
suiting in more complete recording; and (2) a 
true increase in the number of cases. Because 
of underreporting problems in this database, 
these numbers should not be used to estimate
the actual number of disordersY" Rather, the
data are most useful for interpreting trends
c1nd identifying high-risk II dustries (dis·
cussed in next section). 

In 1988, Stevens ct aF0·' rc1 >rted 11 cases
of carpal·tunnel syndrome (( . S) per 10,000 
person-years in the commun surrounding
Rochester, Minnesota, for th, years 1960 to

84 85 86 87 88 89 90 91 92 93 94• 
Year 

Flgure 1. Disorders due to repeated trauma, 1984-1994. +. Full-lime 
worker: •• projected. (Data from Bureau of Labor Statistics: Workplace 
Injuries and Illnesses, 1994. Washington. DC. U.S. Department of Labor 
(publication no. 95-508) December 1995.) 
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1980. Unfortunately, that study did not ad· 
dress the component of these cases that was 
work-related. A survey of health care provid­
ers in the San Francisco Bay area suggested 
approximately 47°{, of all CTS ca es were 
work-relatcd.N Data from the Washington 
State Workers Compensation program re­
ported the on~rilJI incidence of work-related 
CTS for the 5-year period of 1984 through 
1988 to be 17.4 cases per 10,000 fh,•."' There 
was no cons1:, tent trend during that time re­
garding an increase or a decrease in the num­
ber of dilims fi led for work-related CTS. 

ln 1974, Allnnderl reported incidence rates 
of ' ' painful :,houlder" and " tennis elbow" 
among residents of Stockholm, Sweden for 
the years 196'i to 1968. Rates were reported 
by age groups and stratified by gender; 42 
to .J6 year olds reported the highest rat 
approximately two cases per 100 people per 
year for painful shoulders, and approxi­
mately one case per 100 people per year for 
epicondylitis. Like the Stevens et al study 
already mentioned, Allander did not address 
the proportion of cases that was considered 
work related. 

Prevalence 

The prevalence of upper-extremity MSD 
depends 1pon the occupation studied, the 
risk factors present, and the specific body part 
studied. In 1988, the National Health Inter­
view Survev (NHISpu found that 8% of the 
127 millio1i active workers reported pro­
longed hand discomfort (20 days or more in 
the past year, or seven or more consecutive 
days in the p,1st month). Approximately 0.5"'o 
(675,000 current workers) reported both pro-

longed hand discomfort and " medically 
called" CTS, of whom approximately 50"4, 
(356,000) of respondents reported that the 
medical person said the CTS was work-re­
lated. Hagberg re\'iewed the literature on 
work-related CTS and found a prevalence 
ranging widely, from 0.6% to 61%, depending 
on the occupational group studied. Allander' 
reported prevalences of painful shoulder 
ranging from less than lO'l<i to more than 20'!o, 
depending on the age group studied, and 
epicondylitis ranged from less than 1':o to 
more than 5% depending on the age group 
studied. 

Cost 

In 1989, the total US workers' compensa­
tion costs for upper-extremity CTDs was esti­
mated to be $563 million.112 This figure did 
not include the indirect costs, such as admin-,­
istrative costs for claims processing, lost pro· 
duction time if disability occurred, or costs to 
train new workers hired to replace the disa· 
bled worker. Although few data exist to csti· 
mate indirect costs, it has been estimated that 
total costs are hvo to three times direct com· 
pensation costs.7b 

Low Back Disorders 

Low back pain is a common ailment. Most 
studies report a lifetime prevalence of 60% to 
80 o and a yearly prevalence of 6% to 20~~ 
(Table 1). Fortunately, most episodes are rela­
tively mild and self-limited. Approximately 
90% spontaneously recover and regain activ­
ity tolerance within a month.211• ~ Approxi-

Table 1, PREVALENCE OF BACK PAIN 1N THE GENERAL POPULATION ANO WORKERS 

Populatron 
Investigator (Year) Studied Condition Prevalence ('Yo) 

Cunningham (1984) General population Back pain 14-16 
Unilecl States 

Anderson ( 1986) Workers Back pain 20 
United Kingdom 

Deyo (1987) General population Lower back pain lasting at least 2 weeks 10 
United States 

Svane ( 1987) Workers Low back pain 8 
Denmark 

Leigh ( 1989) Workers Back/spine trouble 20 
United States 

Guo (1995) Workers Back pain lasting over 1 week 18 
United States 

Papageorgiou (1995) General population Low back pa·n in past month 35-37 
United Kingdom 
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mately 20% of individuals with back pain 
seek health care. Only about 10% of workers 
with work-related back pain seek compensa­
tion.,1.1 The incidence rate of compensation for 
back injury ranges from 0.3 to 3.3 cases per 
100 workers per year.2• 17• ;w w, The small pro­
portion of cases that become chronic account 
for a high proportion of the compensation 
costs.~~ 

Costs 

The direct workers' compensation costs for 
low back disorders in 1989 was estimated to 
be Sl 1.4 billion.233 This figure, again, does not 
include the indirect costs already mentioned. 
including those indirect costs with the direct 
compensation costs results in a 530-billion­
per-year estimate of the total cost of compen­
sable work-related low back disorders. in 
Adding the cost of uncompensated low back 
pain to that figure (recall, only about 10% of 
workers with work-related low back pain 
seek compensation),.w the total cost to society 
reaches between SSO billion and $100 billion.M 

INDUSTRIES AND OCCUPATIONS 
WITH RISK FOR WORK-RELATED 
MUSCULOSKELETAL DISORDERS 

Industries 

According to the BLS annual survey, red­
meat-packing plants have had the highest 
MSD rate since the Bl.5 began collecting in­
dustry-specific data in 1984. In 1994, the rate 
was 1257 cases per 10,000 ftw in red meat 
packing plants {Table 2). The automobile 
manufacturing industry and poultry pro­
cessing industry also have the dubious dis­
tinction of being in the top five since 1988, 

Table 2. TOP FIVE INDUSTRIES WITH DISORDERS 
DUE TO REPEATED TRAUMA, 1994 

SIC 

2011 
2254 
3711 
2015 
3142 

Industry Description 

Meat packing 
Knit underwear manufacture 
Motor vehicles manufacture 
Poultry processer 
House slippers manufacture 

Rate per 
1000 ftw 

126 
101 
96 
83 
73 

SIC Standard industry code ltw luil-lima worker 
Data from Bureau of labor Statistics: Workplace Injuries end 

Illnesses in 1994 Washington DC. US Department ol labor 
(publication no 95·508). December 1995 

ranking second and fourth, respectively, in 
1994 (see list). Data on CTS from individual 
state workers' cornpensntion programs and 
NHIS data have identified the same high-risk 
industries.1>1· ir- 2 14 

Occupations 

Case studies have given rise to a number 
of disorders named for the occupation for 
which it was identified. 

Bricklayer's shoulder 
Carpenter's elbow 
Janitor's elbow 
Stitcher's wrist 
Cotton twister's hand 
Telegraphist's cramp 
Writer's cramp 
Bowler's thumb 
Jeweler's thumb 
Cherry pitter's thumb 
Gamekeeper's thumb 
Cnrpet-layer's knee 

This does not mean, however, that the disor­
ders are unique to those occupations. The 
NHIS described cases of self-reported CTS to 
be highest among mail nnd message distribu­
tors (prevalence == 3.2°10), health assessment 
and treating occupations (2.7"'o), and con­
struction trades (2.S'X,).m The Wisconsin 
workers' compensation program reported 
wrist injury to be highest among dental hy­
gienists (OR = 17), data entry keyers (OR ""' 
11), and hand grinding and polishing occupa­
tions (OR = 7) compared with all Wisconsin 
employees. Occupations with the highest 
prevalence of low back p.tin arc construction 
laborers {prevalence = 23"u), carpenters 
{22%), and industrial truck and tractor equip­
ment operators (22%) for men. For women, 
the occupations with the highest prevalence 
of low back pain arc nursing aides (19":,), 
nurses {16%), and maids (15%).-:i 

PERSONAL RISK FACTORS FOR 
WORK-RELATED 
MUSCULOSKELETAL DISORDERS 

The main purpose of this article is to re­
view the contribution of work foctors to MSD. 
Because of the multifoctorial nature of MSD, 
it is necessary to include a discussion of per­
sonal factors that can influence the occurrence 
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of this di5order. The following is a brief dis· 
cussion of some of these factors . 

Upper Extremities 

Age 

ll1e relationships between age and some 
specific MSD "> are well established. For exam· 
pie, osteoarthritis is clearly associated with 
,1d,·ancing agc .'i<,. HI!! For others, such as CTS, 
the findings .uc mixed. Stevens et al1115 found 
an incrc.ising rate of CTS with advancing age 
in men, but the rate in women seemed to 
peak in tht.' 45 to 54 age group and then 
decline with increasing age. Hagberg et al,~ 
in their litHaturc re,•iew of occupational 
s tudies of C rs, found no studie showing 
age to be a risk factor once the duration of 
occupation.t i exposure was controlled. Age 
as a ris k fa ctor for shoulder tendinitis has 
been reported in some studies,59• 165 but not 
others.""· 171' One explanation for the lack of an 
observed relationship between advancing age 
and increased risk for work· related disorders 
i that mam of the older workers left the 
work force due to MSD, causing a "survivor 
bias." Also, ndvancing age and increasing 
number of j ears on the job are highly corre· 
lated, so yen _; employed is a true confounder 
with age ,u1d must be adjusted for when ex­
amining !ht• t.'lationship to work 

Gender 

Many studit1s report a higher prevalence of 
MSD in women compared with men.'~·2u :a, 111• 

,:~ •~7• 205 Women, however, traditionally ha,·e 
been assignl.!d to jobs requiring less physical 
strength, but requiring more stereotypic re· 
petitive mm ements. When these occupational 
exposure factors are accounted for, some 
studies report no association with gender.111• 1r. 

Other potential explanations for this associa· 
tion include the fact that work stations were 
built for the height and reach capabilities of 
men, thereby placing female workers at sub­
optimal working posturesq; women may be 
more likely to report pain and seek medical 
treatment than men; and women have more 
exposure to risk factors off the job." "1 

Sports 

When participation in sports activities is 
considered in the exposure assessment, either 

in case series or epidemiologic studies, results 
are mixed. Some studies report an increased 
risk of MSDs associated with playing sports, 
especially at the professional level, whereas 
others seem to indicate a protective effect of 
sports. Epicondylitis in professional athletes 
h~s been well documented, and mnny of the 
b1ome:~anical and physiologic studies of epi· 
condyhtis have been conducted in professional 
tennis players and baseball pitchers.114• w,i One 
prospective study fotu1d slowing of suprascap­
ular nerve conduction among healtl1y baseball 
pitchers as the season progressed. m 

Weight 

Weight, height, body mass index (BM!, a 
ratio of weight to height squared), and obe· 
sity have all been reported to be potential 
risk factors for CTS. Most studies examining 
anthropometric risk factors in relationship to 
CT5 have been hospital-based populations; 
whether these results are applicable to work­
ing populations, therefore, is unclear. Se\'eral 
investigators have reported that their indus· 
trial study subjects with CTS were shorter 
and heavier than the general population.~~. 
ui, ii;;.. rn :.,, Werner et a12.,; estimated obese 
individuals (BM! > 29) were 2.5 times more 
likely than slender indh'idwils (BM! < 20) to 
be diagnosed with CTS. Studies using multi· 
pie linear regression models (Werner:.!.- and 
Nathan1~7) found that BM! accounted for onh· 
5% and 8.6% of the variance of the nerve 
conduction tests. Researchersff', 2.17 have ques­
tioned the methods and conclusions reached 
the Nathan paper, however. The relationship 
of CT5 and BMI has been suggested to relate 
to increased fotty tissue within the carpal ca­
nal or to increased hydrostatic pressure 
throughout the carpal canal in obese individ­
uals compared with slender individuals.::..r 

Low Back Disorders 

Age 

Low back pain (LBP) is uncommon in 
childhood and the teen years. The prevalence 
increases as peoyle enter their working years. 
By the age of 3:,, most people have had their 
first episode of back pain.~~. ~ During their 
working years (ages 25-65), however, the 
pre\'alence is relatively consistcnt.~h. ~ Age 
groups having the highest rates of compensa· 
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ble· back pain and strains were the 20 to 24 
age group for men and the 30 to 34 age group 
for women.116 Given this information, it 
would be incorrect to conclude that LBP is a 
health problem confined to older workers. On 
the other hand, osteoporosis, which may be a 
specific cause of LBP, is clearly associated 
with advancing age.!il' i;,, 

Gender 

The prevalence of LBP is equal among men 
and women.~ 125 Compensable LBP cases, 
however, are more common in men.116 

Whether this difference is attributable to dif­
fering occupations and job tasks or differing 
severity of back pain is unknown. 

Socioeconomic Status 

Lower socioeconomic status (SES) employ­
ees reported LBP more frequently than work­
ers with upper SES, but that finding is proba­
bly because of the physically demanding 
occupations often held by people with lower 
SEs.1s; 

Weight/Height 

Weight, BMI, and obesity have been identi­
fied in several studies as potential risk factors 
for low back disorders, specifically lumbar 
disc conditions.ijl, y.i Others, however, have 
found no association with weight factors." ~. 
"°· 1 • 1 • Height has also been reported to be 
associated with LBD; the awkward positions 
taller people would have to assume while 
working have been postulated as an explana­
tion.«;). "'1, i cr; Others, however, have not found 
this association.:10, 51• 106 

Medical History 

There is general consensus that a previous 
history of back or sciatic pain is one of the 
most reliable predictive factors for subse­
quent work-related back problems. Two stud­
ies ha\'e found associations beh\•een the num­
ber of births or pregnancies and sciatica or 
LBP."7· :l.J The reasons postulated for this asso­
ciation are the mechanical stress placed on 
the pelvic ligaments during the final stages of 
pregnancy. 

Smoking 

Many studies have reported on the rela­
tionship between of low back disorders and 

tobacco smoking. Authors who have re­
viewed this literature report that most of 
these studies support the association."' lllll 1<H 

The postulated mechanisms for this associa­
tion are the nicotine-induced diminished 
blood flow to vulnerable tissues and smoke­
induced coughing causing mechanical strnin. 

Physical Fitness and Training 

A few investigators have reported that 
physical fitness and conditio111 ng had a sig­
nificant preventive cff ect on h,1ck injuries/ ' 
but most studies suggest otherwise. ''" ""· fT1 

Most clinicians accept the pr,•mise that im­
proving physical fitness reducl musculoskel· 
eta! injuries, but the epidemio ,gic literature 
at present does not support 1c efficacy of 
physical fitness and training n a primary in­
tervention for preventing 11 1sculoskeletal 
and back injuries.r\8 

Strength 

Many studies have documented less 
strength in trunk Aexors and extensors 
among patients with LBP compared with 
asymptomatic subjects. The logical explana­
tion for this finding, however, is that the re­
duced strength is a result of the LBP, not a 
cause of it. These tests are not predictive of 
future LBP, and most researchers consider the 
strength of the spinal and abdominal muscles 
to be of insignificant importance in the pre­
vention of work-related LBP.,- 1 

PHYSICAL FACTORS 

This section examines the cv·dence linking 
work factors to MSD. The ensu ng discussion 
will focus on studies using cl inically well­
defined diagnoses (shoulder tendinitis, epi­
condylitis, CTS, hilnd-arm , 1bration syn­
drome); when appropriate, studies of symp~ 
toms also are mentioned (Tables 3-9). The 
epidemiologic studies listed in these tables 
have used (1) case definitions based on stan­
dardized physical examinations and ques­
tionnaires or (2) case definitions based solely 
on questionnaire data. Generally, the physical 
examination maneuvers used to define spe­
cific upper-extremity MSD cases have been 
uniform across studies. 1h · ::., . l~. "' II(' Nt. 1:-11 . 1..:- !.\f' 

The exception is CTS for which studies based 
their diagnoses on various combinations of 
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symptoms, physical examination findings, 
and electrodiagnostic testing. 

The studies have also used a variety of 
methods to assess workplace exposure-job 
title. job title assessed by an ergonomics ex­
pert, use of ergonomic checklists, and video 
and electromyographic recordings of repre­
sentative workers. Interestingly, studies with 
the most ilCcurate method of assessment of 
work load, in general, have stronger associa­
tions between MSD and physical factors. 
These physrcill factors include frequent or 
prolonged repetitive movements, forceful ex­
ertions, a wkward postures, static muscle 
loads. cold temperatures, local or segmental 
\'ibration, and contact stresses. Exposure to 
these risk factors typically occurs in some 
combination (e.g., exposure lo both force and 
repetition) in occupations in which the risk of 
MSDs · c lc\ ilted. 

Neck Disorders 

An association between work involving re­
petitive movements {usually defined as such 
on job categorization or observation, not mea­
surement) and the derelopment of neck 
MSDs has been found in 11 studies, with 
odds ratios ranging from 1.5 to 5.7; five stud­
ies had ORs over 4•. ·· •~ ,,~. •:a. 1l-'. '""· '""· 1ff1 

,~2. !)I, (see Table 3). Only one study reviewed 
did not find n statistically significant relation­
ship between repetition and neck MSDs.'"~ 
Kiken et al' 11 found that 12% of 294 poultry 
workers in the highzexposure group (based 
on repetition and force) had neck symptoms 
and physic,,! examination findings, compared 
with none in the low-exposure group. Berg 
ct al,1 ' Linton,1J11 Wells,!."• and Kuorinka and 
Koskinen'w all studied workers in forceful, 
repetiti,·e hand-intensive jobs requiring static 
neck muscle contraction {in order to secure 
positioning of the hand-intensive work). 
These authors found workers in those jobs lo 
have a higher prevalence of neck MSDs than 
workers in less forceful, repetitive jobs, again 
with ORs over 2. In these studies, force was 
estimated by questionnaire, biomechanical 
models, or electromyographic activity. Sev­
eral of the studies concerning neck MSDs in­
volved video display terminal {VDT) opera­
tors and did not characterize forceful 
exposure. Most of the VDT studies used 
srmptom q uestionnaires to ascertain cases of 
neck disorders. Prevalence rates based on 
symptom reporting alone tend to be about 
twice the rates when compared with preva-

lcnce rates based on both symptom reporting 
nmf physical examination rcsults.:u, 1.1. -11 NI 11c. ~-

Three studies found an a sociation between 
the wearing of bifocals and awk\,·ard pos­
tures of the head and neck. and neck MSDs 
(OR = 3.8).:u ~· 1-1, Sakakibara .ind coworkeri,' 
study of orchard workers1"" found a relation­
ship between flexion and extension of the 
neck and MSDs, but data presented in the 
pilper did not allow for calculation of ORs. 

Kuorinka and Koskinen1:.• did not find that 
work pace and productivity were associated 
with neck disorders among blue collare as­
sembly workers; Bernard et all-' and Burt ct 
al,41 in their studies of newspaper employees, 
however, found that working under a dead­
line (potentially a form of work pace) was 
statistically associated with neck symptom . 
These mixed rt.-sults may be attributable to 
the fact that the same or similar risk factors 
may have been estimated in different ways, 
or different aspects of the risk factor may 
have been measured, or the relationship is 
dependent upon other aspects of the occupa­
tion (that is, different occupations may ha\'e 
different risk modifiers). 

Following changes in workplace organiza­
tion and equipment in a work place using 
VDTs, Aaras reported a reduction in (1) the 
number of sick-lca\'e days and (2) the preva­
lence of neck pain. After these changes, there 
was also a significant reduction in trapezius 
load measured by EMG. This study illustrates 
both the potential causal relationship between 
stiltic loading and MSDs but, more globally. 
that an identification of a risk factor (statis 
loading) in the work place and subsequent 
reduction in that risk factor can result in lcsi, 
worker disability {sick leave). 

The studv bv Ohara.'1w contrarv to the as­
sertion in the • review bv Winket' and West• 
gaard,:,: both portrayed ·1he multifactori;il na­
ture of neck and shoulder MSDs and 
illus trated that the increase in repetitiveness 
and awkw.ird and static postures by cash reg­
ister operators using new electronic c,,sh reg­
isters placed on unsuitable counter heights 
increased symptoms in neck MSDs. 

Several studies ha\'e suggested an expo­
sure-response relationship between increased 
lc,·el or time of exposure and an increased 
pre\'alence of neck MSDs. Burt et a I'~ (1990), 
in their investigation at a major urban news­
paper, found that an increase in the percent of 
time typing at VDT keyboards was associated 
with a moderately increased prevalence of 
neck symptoms. Keyboard time was consid-

Tert cm11i,111ecl 011 f'OJ::l! 696 



Table 3. EPIDEMIOLOGIC STUDIES ADDRESSING RISK FACTORS FOR NECK DISORDERS 

Investigator (year) Design Ellpoaura MCertalnment DI••••• Ascertainment Rlak Factor OR/RR 

Onishi (1976) Cross-sectional Observation and job category Examination with pressure Static load and repetition 3.8 
measurement 

Maeda (19n) Cross-sectional Job category Questionnaire and physical examination Repetlllon 5.7" 
Luopajarvl (1979) Croas•sectional Observation, video analysis, Questionnaire and physical examination Force and repetition 1.6 

Interview 
Kuorinka (1979) Cross-sectional Observation and Job analysis Questionnaire and physical examination Higher workload 4.t· 
Wells (1983) Cross-sectional Job category Telephone Interview Shoulder load 2.6° 
Kukkonan (1983) Cross-sectlonal Job category Physical examination Repatlllon, static postures 2.3" 
Silverstein (1986) Cross-secilonal Job analysis, video analysis Quaatlonnalre and physical examination Repetition force 5.9· 
Sakakibara (1987) Cross-section al Job category, and posture Questionnaire Posture P<OS 

measurements 
Barg (1988) Cross-section al Physical load 2.6 
Jonsson (1988) Prospectlve cohort Three separate physical examinations Thirty-eight subjects reallocated 

and questionnaires to more varied tasks 
Improved; those with 
unchanged working conditions 
deteriorated further 

Hales/Cargill (1989a) Cross-sectional Observation Questionnaire and physical examination Force and repalltlon; symptoms 0.7 
Symptoms and physical 

findings = lndetennlnate 
Ohlsson ( 1989) Cross-sectional Job category Questionnaire Force and repetition 1.9 
Heyer (1990) Cross-sectional Observation end Interviews Questionnaire Repetition 1.5 
Milerad (1990) Cross-sectional Telephone qussllonnaire Telephone questionnaire Posture 2-2.6* 
Klken (1990) Cross-sectional Observation Questionnaire end physical examination Force and repetllion; symptoms 2.9 

Symptoms and physical 
Undings • lndetennlnate 



Baron (1991) Cross-secllonal Job category, video analysis Symptom and physical examination Repetition and posture 2 
Kamwendo (1991) Cross-secUonal Questionnaire Questionnaire Repelltlon >5 hours and slatlc 1.1· 

poslure 
Andersen (1993) Cross-sectional Obseivallon Questionnaire (interview) and physical Years of employment es sewing P < 0.05 

examlnalion operators; exposure response 
relaUonshlp 

Vilkarl.Junlura (1994) Prospective cohort Job category Questionnaire Whole-body vibration and static 4.2· 
dynamic works 3• 

Hales (1994) Cross-sectional Observallon and Questionnaire and physical examination Posture (use of blolocals} 3.a· 
questionnaire Psychosocial factors 2.4-3.B 

Bemard (1994) Cross-sectional Observation, questionnaire, Questionnaire Psychosocial factors; posture 
Job analysis (hours on telephone} 

Bergqvlst (1995) Cross-BaCllonal QuaaUonnalre Symptoms and physlcal axamlnalion Rapetltlon (VDT >20 hours/ 6.9· 
weak) and eye glasses 

Usa (1995) Cross-section al Postal questionnaire Postel questionnaire Stelle postures 1.1· 
Ohlsson (1995) Cross-secllonal Observation and videotaping Questionnaire and physical examination Repetition 4.6· 
Welch (1995) Cross-sectional Ouestlonnatre Questionnaire Awkward posture (time spent 7.5 

Marcus (1996) cross-sectional Questionnaire Questionnaire 
hanging ductwork overhead) 

Psychosocial factors 2.2· 
Duration of VDT use 
<3 4.1" 
4-6 5.6° 
>6 4.3° 

OR • odds rallo; RR • relative rlslr, • • ataUsUcally slgniflcant (P s 0.05); VDT • video display terminal. 



Table 4. EPIDEMIOLOGIC STUDIES ADDRESSING RISK FACTORS FOR SHOULDER TENDINITIS 

Investigator (year) Design Exposure Ascertainment Disease Ascertainment Risk Factor OR/RR 

Ohara (1976b) Cross-secllonal Questionnaire and observation Questionnaire and physical examination Repetllion 1.7· 
Bjella (19791 Case-referent Interview and observatlon Clinical evaluation Posture (work above shoulders) 11· 
Luopajarvl (1979) Cross-secllonat Questionnaire and videotape Clinical evaluation Repetition and posture 3.4 
Herberts (1981 ) Cross-sectional Observation and Cllnlcal evaluallon Posture (work above shoulders) 13• 

electromyelograph 
Wells (1983) Cross-sectional Weight Questionnaire Load (force) 4• 
Herberts (1984) Cross-secllonal Observation Clinical evaluation Posture and force 9 
Punnet! (1985) Cross-secllonal Observation and questionnaire Queslionnaire and physical examinallon Repetition and static load 2.2 
Silverstein (1986) Cross-secllonal Interview, observation, videotape, Clinical evaluallon High force/high repetition 4.5 

electromyograph High forcenow repetition 7.3 
Hagberg (1987) Cross-secllonal Observation Questionnaire and physical examinallon Posture (work above shoulders) 11.0' 
Hales/Cargill (1989a) Cross-seclional Observation Quesllonnaire and physical examination Symptoms 3.8 

Symptoms and physical findings 0 .9 
Klken (1990) Cross-sectional Observation Questionnaire and physical examination High force/high repetition 

Symptoms and physical 
4 

findings .. indeterminate 
Burt (1990) Cross-sectional Observation and videotape Questionnaire and physical examination Lack of sufficient rest 4• 
Heyer (1990) Cross-secllonal Observalion Cllnlcal evaluation, "shoulder symptoms" Intensive keying 1.4 
McCormack (1990) Cross-seclional Observalion and job category Clinical evaluation Force and repetillon 2.4 
Kamwendo (1991) Cross-sectional Questionnaire Queslionnalre > 5 Hours/day keyboard work 1.9 
Baron (1991) Cross-sec Ilona I Questionnaire and observation, Questionnaire and physical examination Repelilion 3.9 

videotaping 
Stenlund (1992) Cross-sectional Questionnaire and records of Oueslionnaire and physical examination Vibration 1.7 

employment Heavy lilting 3.3 
Holstrom (1992) Cross-sectlonal Questionnaire Questionnaire Overhead 2 
Hales (1994) Cross-sectional Questionnaire and observation Questionnaire and physical examination Psychosocial variables 1.4-1.9 
Bernard (1994) Cross-sectional Oueslionnaire and observallon Ouesllonnalre Psychosocial t.4-t .s· 

Years of employment 1.4' 
Ohlsson (1995) Cross-seclional Oueslionnaire and observation, Questionnaire and physical examination Repetition and posture 3.4• 

job category 
English (1995) Cross-sec lion al Questionnaire Clinlcal evaluation Posture {repealed shoulder and 2.3 

elevated arm) 

OR • odds ratio; AA relative nsk. • slaltsltcally s1ymhcanl 1• 0.001. 



Table 5. EPIDEMIOLOGIC STUDIES ADDRESSING RISK FACTORS FOR ELBOW TENDINITIS 

lnvestlgalor (year) Design Exposure Ascertainment Disease Ascertainment Risk Factor OR/RR 

Rolo (1984) Cross-sectional Observation Clinical ovaluatlon High lorce and poslure 7 
Dimberg (1987) Case relerent Job title/classification Physical examination Blue- versus white-collar jobs 0.7 
Kopf (1988) Cross-sectional Job category Questionnaire Repetition, force 2.7 
Ohlsson (1989) Cross-sectional Job category Questionnaire Repetition 1.9 
McCormack (1990) Cross-sectional Job category Clinical evaluation Repelition 1.5 
Burt (1990) Cross-sectlonal Questionnaire and observational Questionnaire Repelilion 2.a· 

job analysis 
Kurppa (1991) Prospective cohort Observalion Clinical evaluation High lorce 6 
Viikari•Juntura (1991a) Cross-sectional Observation Clinical evaluation High lorce 1 
Moore (1994) Cross-sectional Observation, video analysis Records review Repetition, force 5.5· 
Baron (1991) Cross-sectional Observation and videotape Ouesllonnaire and physical examination Repetition 2.3 
Chiang (1993) Cross-sectional Observalion and videolape Physical examinalton Low force/low repelilion 1 

High force or high repelillon 1.7 
High force and high repeliton 5.3· 

Anderson (1993) Cross-sectional Observation and job category Questionnaire Repelilion 1.7 
Hoekstra (1994) Cross-sectional Observation, measurements of Questionnaire Posture (nonoptimally adjusted 4• 

workstation chair) 
Olalsdottir (1995) Prospective cohort Production figures Questionnaire Repetitive movements 2.1 

OR • odds ra1io; RR • relati11e risk: • statistically signilicant (P ::i 0.05). 



Table 6. EPIDEMIOLOGIC STUDIES ADDRESSING RISK FACTORS FOR HANO-WRIST TENDINITIS 

Investigator (year) Design Exposure Ascertainment Disease Ascertainment Risk Factor OR/RR 

Kuorinka (1979) Cross-sectional Job analysis Clinical evaluation Repetition and posture 
Luopajarvi (1979) Cross,seclional Questionnaire and videotape Clinical evaluation Repetition and posture a· 
Silverstein ( 1986) Cross-sectional Observation; video analysis; Interview and physical examination Low force/low repetition 1 

electromyography of shoulder High force/low repetition 6.3 
Low force/high repelllion 3 
High force/high repetition 31 .7 

Armstrong (19B7) Cross-sectional Eleclromyelograph and videotape Questionnaire and physical examination Low force/low repetition 1 
High force/low repetition 2 
Low force/high repetition 2 
High force/high repetition 29· 

Hales (1989b) Cross-sectional Observation Questionnaire and physical examination High force and repetition; symptoms 2.4 
Symptoms and physical findings 7.S-

McCormack (1990) Cross-sectional Job category Clinical evaluation Repetition 4• 
Kiken (1990) Cross-secllonal Observation Questionnaire and physical examination Repetition and force; symptoms 4_4• 

Symptoms and physical findings 3 
Baron (1991) Cross,sectlonal Questionnaire and observat on Queslionnalre and physical examination Repetition OR 1.6 

Years of grocery employment 
0-5 
5-10 
10+ 

Burt (1990) Cross-sectional Questionnaire and observation Questionnaire Typing speed 
Slow 0.9 
Moderate 1.3 
Fasl 2.5 
Being a reporter 2.4" 

Punnelt (1990) Cross-sectional Questionnaire and observation Questionnaire Posture Men 2.2· 
Women 0.9 

Force repetition 
Kurppa (1991) Cohor1 Observation Clinical evaluation Force (typing) 24• 
Bernard (1994) Cross-sectional Questionnaire and observation Questionnaire and physical examination 20-40% 0.6 

40--60% 1.5 
60-80% 7.6 
80-100% 2.3 

Hales (1994) Cross•seclional Questionnaire and observation Questionnaire and physical examination Psychosocial factors 2 
Job lille 0.1-1.9 

Hoekstra (1994) Cross,sectional Presence of equipment: Queslionnaire Nonadjustable equipment versus 2.2 
questionnaire and observation superior ergonomic ottice 

equipment 
Moore (1994) Aelrospec11ve Obsl!rvlltiOn OSHA illness and injury logs and medical Force/lillle recovery 6.9 

cohor1 record5 
English (1995) Cross-sectional Questionnaire Clinical evaluation Repetitive pinching 4 

Posture 1.4-30 
Repelillve grip 3 

OR odds ratio; AR • relallve rlt k: ' • statistically slgnllicant (P °' 0.05). 



Table 7. EPIDEMIOLOGIC STUDIES ADDRESSING RISK FACTORS FOR CARPAL TUNNEL SYNDROME 

Investigator {year) Design Exposure Ascertainment Disease Ascertainment Risk Factor OR/RR 

Armslrong (1979) Case control Observation, video analysis, Medical record assessment Pinch grip 2· 
electromyelograph Hand force 1.1' 

Cannon (1981) Case referent Job category Clinical assessment Vibration 7' 
Repetition 2.1· 

Punnelt ( 19B5) Cross-sectional Questionnaire and videotape Questionnaire and physical examination Repetition 3• 
Silverstein (1987) Cross-sectional Eleclromyelograph and videotape Ouesllonnalre and physical examination Low force/low repetition 1 

High force/low repelilion 1.B 
low force/high repelitlon 1.9 
High force/high repetition 15 5• 

Nathan (19BB) Cross-sectional Observation Nerve conduction Low repetition/very lighl 1 
Resist 1 
Very heavy repetition/light resistance 1.6" 
Moderate repetition/heavy resistance 
Moderate high repetition/moderale 

resistance 
2.3 

High repelilionfvery heavy resistance 4• 
Wieslander (1989) Case referent Questionnaire Clinical assessment and nerve conduclion Vibration 6 .1· 

Repetition 4.5' 
Force 2.7' 
Obesity 3.4' 

deKrom (1990) Case releronl Queslionnaire Clinical assessment and nerve conduction Flexed wrist (hours) 
1- 7 1.5 
8-19 3 
20-40 8.7 

Exlended wrist (hours) 
1-7 1.4 
8-19 2.3 
20-40 5.4 

Chiang (1990) Cross-secl!onal Observation Clinical assessment and nerve conduction Low repetition/not cold 1.0 
High repelilion/nol cold 2.2 
High repetition/very cold 9.4• 

Barnhart (1991) Cross-sectional Observation Physical examination and nerve Repet1tionlpinch 1.9" 
conduction 

Schottland (1991) Cross-sectional Current versus pre-employmenl Nerve conduction Repetition in women 2.86' 
Table continued on following page 
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Table 7. EPIOEMIOLOGIC STUDIES ADDRESSING RISK FACTORS FOR CARPAL TUNNEL SYNDROME (Continued) 

Investigator (year) Design Exposure Ascertainment Disease Ascertainment Risk Factor OR/RR 

Baron (1991) Cross-secllonal Job category, observation, and Cllnlcal assessment Repetition 3.7 
videotaping 

Bovenzl ( 1991 ) Case referent Observation, vibration Cllnlcal assessment Vibration 21 .3" 
measurements 

Morgenstern (1991) Cross-sectional Survey Symptoms Repetition/posture 1.9" 
(hours worked/week) 34 

Nathan (1992) Prospective cohort Observation Nerve conduction Body mass index o.s'Y. 
Age 3.3%" 
Wrist dimension 2.1%" 
Hand domlnance 1.0%" 
Exercise level 0.6%" 
Weight 0.4%" 

Chiang (1993) Cross-sectional Observallon Questionnaire and physical examination low force/low repetition 1 
and nerve conduction Men 

High force or high repetition 2.2 
High lorce and high repetition 

"" indeterminate 
Women 

High force or high repetition 1.3 
High force and high repeUtlon 2.s· 

Stetson (1993) Cross-sectional Observation and video analysis Questionnaire and physical examination Industrial workers with smaller 
and nerve conduction amplitudes and longer latencles 

than asymptomatic controls 
Bovenzl (1994) Cross,secllonal Interview, vibration measurement Clinical assessment Vibration 3,4• 
Nilsson (1994) Cross-sectional Observation and vibration Clinical assessment and nerve conduction Force/Vibration 2.0 

measurements 
Moore & Garg (1994) Retrospective Observation and vibration OSHA Illness and Injury logs and medical "Hazardous jobs" based on 2.8 

cohort measurements records repetilion, force, posture 
Osorio (1994) Cross-sectional Job category and observation Clinlca1 assessment and nerve conduction Repetitive lorcelul wrist motions 8.3" 
Engllsh (1995) Case control Sell-reported exposure to Based on agreed criteria for clinical Awkward shoulder and arm posture 1.8" 

accepted risk factors. No assessment by orthopedic surgeons 
actual measurements or 
observations 

Tanaka (1995) Retrospecllve Telephone interview Sell-reported by examination by a MD Repetllive bending/twisting 5.2 
cohort Vibrating tools 1.8 

OR • odds ralio; RR • relative risk; ' • statlstlcally slgnlUcant at (P :s 0.05). 



Table 8. EPIOEMIOLOGIC STUDIES ADDRESSING RISK FACTORS FOR HAND-ARM VIBRATION SYNDROME 

Investigator 
(year) Design Exposure Ascertainment Disease Ascertainment Risk Factor OR/RR 

Letz (1992) Cross-sectional Vibration measurements Ouesllonnaire Part-lime vibration exposure 8.23' 
Full-time vibration exposure 406" 

Miyashita (1992) Cross-sectional Job category Questionnaire Vibration 0.49 
McKenna (1993) Cross-sectional Questionnaire Cold provocation testing Vibration 24 
Nagata (1993) Cross-sectional Questionnaire Dermatologlc tests and physical Vibration exposure >20 years 7,1" 

examination 
Bovenzl (1994) Cross-sectional Interview; vibration movements in too~ Physlcian-administered Interview Vibration 9.33' 

sample 
Klvekas (1994) Prospective cohort Questionnaire Clinical assessmenl, radlographs Vibration 3.4' 

Cumulative incidence HAVS 4.4" 
Mirbod (1994) Cross-sectional Questionnaire, interview, sample Questionnaire; Interview field visits or Vibration 3.n· 

vibration measuremenls annual health examinations 
Virokannas (1995) Cross-sectional Interview Vtbration perception threshold testing and Vibration 1.5 

electroneuromyography 

OR .. odds ratio; RR " relative risk; ' .. staUstk:ally Signitlcant W ,s 0.05); HAVS • hand-arm vibration syndrome. 

$ 
U1 
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Table 9. OCCUPATIONAL FACTORS ASSOCIATED WITH LOW BACK PAIN 

All or Unspecified Radiographic Herniated 
Factor Low Back Pain lntervertebral Disc Lumbar Degeneration 

Frequent lifling over 25 pounds 
Non-neutral postures (twisting, flexion, 

lateral bending) 

1.5-3 1.8 
1.4-5,9 

2.5-6.1 Frequent lilting in non-neutral postures 
Static postures, especially prolonged 1.6 1.6 

sitting 
Whole-body vibration 
Motor-vehicle driving 
Truck driving 

1.8 2.4t 
2.8 2.8:j: 
1.7-4.7 4.7:j: 

"Risk ralios published or calculable !ram publfshed data. 
tAge over 35. 
:IMen only. 
From Castolina J, Deyo RA: Back and lower extrernlty disorders. In Rosenslon::k L, Cullen M (eds) Text ·k al Clinical Occ•Jpallonal 

and Environmental Medicine. Philadelphia , WB Saunders., , 994. p 365. 

ered as a surrogate for time spent in static 
postures with arms unsupported. Rossignol 
et al'": (1987) found, among 1545 clerical 
workers, that the prevalence of neck symp­
toms increased with the number of hours per 
day using VOTs. These studies showing a 
dose-response effect provide strong evidence 
for a causal association behveen work expo­
sure and neck disorders. 

The large number of studies listed in Table 
3 illustrate the consistent association between 
neck disorders and physical risk factors. 
Overall, the physical factors of repetition, 
forceful exertions, and constrained or static 
postures, usually found in combination, have 
been shown to be risk factors associated with 
the development of neck MSDs across numer­
ous occupations exposed to these factors. 

Shoulder Musculoskeletal Disorders 

Consistently high ORs for shoulder tendini­
tis have been found for exposed worker pop­
ulations compared with unexposed occupa­
tionally based referent groups (see Table 4). 
Hagberg and Wegman/ 4 (1987) in their re­
view article, attributed a majority of shoulder 
problems occurring in a variety of occupa­
tions to workplace exposure. Risk factors 
most strongly associated with shoulder tendi­
nitis include working at or above shoulder 
height, heavy lifting and carrying loads sup­
ported by the shoulder, static postures, and 
hand-arm vibration. Strong associations (ORs 
= 10-13) were found in four studies.' 1- l'l>, ir.. i M 

Strong associations (OR 2.3-7.3) beh,•een 
repetitive movements and the development 
of shoulder MSDs were found in 10 studies, 

although not all were 1tistically signifi-
cant. tc.. 59, 79. 111. IJJ. IH, Jn\ 169, 197 Studies of 
heavy lifting and repe.i ' I loading of the 
shoulder, such as those 1th letter carriers 
and construction workers ported ORs rang• 
ing from 2.2 to 10.2111• z:i,. l10ulder disorders 
assessed by clinical exan1 nation in worker 
populations with similar exposures ranged 
from l o/o in sign language mterpreters for the 
dear1: to 31% in workers employed as sewing 
machine operators .~ Prevalences of other 
shoulder conditions ranged from 8% among 
female electronic assembll'rs doing overhead 
work"· to 48% for muscl.- tenderness in fe­
male farmers bagging pc.i: s.19 1 

Several studies have ; 1und associations 
that can be interpreted as xposure-response 
effects for shoulder MSDs using duration of 
employment in a job as a -· 1rrogate for expo­
sure. Duration of emplop ent as an assem­
bler, telephone operator, 1 .•wspaper worker 
using VDTs, or rockblasll': has been associ­
ated with an increasing p1 valence of shoul­
der disorders.i.,.'ln. llJ 1~2• 21n \ d is et aP"' (1983) 
found that the prevalence l shoulder pain in 
male letter carriers, adjuste .. l for age, number 
of years on the job, height / weight ratio, and 
prior work experience, clearly demonstrated 
an exposure-response effect of direct weight 
bearing. Westgaard, 2.w (1985) in his study of 
three groups of workers with different work 
loads on the shoulder muscles, showed that 
the risk of developing MSDs increased ac­
cording to the level of static load on the trape­
zius muscles. ln a study of grocery store 
checkers, Baron et al1° (1991} demonstrated a 
clear relationship between 25 or more hours 
of checking per week and prevalence of 
shoulder MSDs. Rossignol et al'11:: (1987) 
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found among 1545 clerical workers that the 
risk of shoulder MSDs doubled after 7 hours 
per day of VDT use (time spent typing was 
used as a surrogate for time spent in static 
posture with arms unsupported). Associa­
tions with employment are not often uniform, 
however, even among studies of seemingly 
similar study populations. Prevalences of 
shoulder disorders in Danish sewing m.ichine 
operators studied by Andersen and Gaardboe-~ 
(1993) were related to duration of employ­
ment, but that relationship was not observed 
among US garment workcrs.176 

Most telling may be the 2-year prospective 
cohort s tud y (the "best" type of epidemio· 
logic study ) by Kilborn and Persson, 112 (1987) 
in which there was a significant increase 
(from 8 to 21 %) of shoulder tendinitis at the 
2-year follow-up among 68 female assembly 
workers. TI1e strong predictors for workers 
dc\'cloping severe disorders of the neck and 
shoulder al the 2-year follow-up included the 
rate of shou lder elevations and neck flexions 
per hour, and duration of neck flexion, shoul­
der extension, and fixed arm posture (0-30 
degrees shoulder abduction). Thirty-eight 
workers who had been reallocated to more 
varied work tasks had improved (16°/i, ini­
tially had severe symptoms), whereas those 
with unchanging working tasks deteriorated 
further (26'lo). 

Elbow 

RelatiH'I v few studies have addressed the 
occurrence· of risk factors associated with 
work-related epicondylitis (see Table 5). This 
may be because of its long acceptance in the 
surgical and sports medicine literature as 
work-related in occupations and sports re­
quiring overexertion of the finger and wrist 
extensors while the elbow is in extension. 161· 1"2 

Several occupational studies reviewed show 
a significant association,.io·""·47.111.121.15<.1. ,1 .. with 
ORs greater than 2.5. Others studies have 
shown associations but are not statistically 
significant (OR > 1 )5· 16· 133• 14'· ,ss; two studies 
found no association.56• 2~~ The one prospec­
tive study1l 1 found a strong relationship be­
tween strenuous work (based on repetition, 
forceful exertion, and awkward postures) and 
epicondylitis (OR = 6.4) . ll1is study also 
found the annual incidence of epicondylitis 
in nonstrenuous jobs to be similar to that 
found by Allander' (1974) in the genera[ pop· 
ulation (1%). [n another recent prospective 

cohort studv of elbow MSDs, Olafsdottir and 
Rafnsson 11·~ found the pre,·alence of epicondy· 
lar symptoms increased among women in 
fish-fillet .issernbly-line work after the institu­
tion of a new nutomatcd flow-line system that 
increased the number of repetitive move­
ments. 

Several studies have found that a number 
of specific risk factors, usually identified by 
observation in high-risk jobs, are associated 
with elbow MSDs: Punnett'sn ; (1985) study of 
g.irment workers; Moore and Garg's1'<l (1991) 
study of pork processors; Kopf's117 (1988) 
studies of construction workers; Hales';,, 
(1989) study of meatprocessors; and Baron's1" 

(1991) study of grocery checkers. In other 
studies, however, there was no significant dif­
ference in prevalence bchveen groups ob­
served to have higher exposure and groups 
thought to have lower exposure: [n Viikari­
Juntura's~ (1991) study, meat processors had 
no higher prev.ilence of epicondylitis than 
office workers .ind maintenance men; Dim­
berg's5n (1987} meat packers had a prevalence 
similar to construction foremen, and Luopa· 
jarvi's113 (1979) assembly-line packers and 
shop assistants showed no substantial dif­
ference. Chiang~7 (1993) showed an apparent 
association between epicondylitis and in­
creasing force and repetition but, in the 
multivariate analysis, this finding was not 
statistically significant. 

Studies of professional athletes have re· 
ported that changes in postures (e.g., less 
shoulder abduction, hitting the ball during 
wrist extension) or a decreased applied force 
when playing (e.g., tennis) result in decreased 
symptom severity among affected individu­
als.1115. m , 11s 

In view of these criteria, overnll, the evi­
dence for workrelatedness of epicondylitis 
has not clearly shown consistency across all 
occupations studied, but the hvo cohort s tud­
ies, which provide stronger evidence th.:m 
cross-sectional studies, and the sports litem­
ture, suggest a relationship. 

Hand-Wrist Tendinitis and Carpal 
Tunnel Syndrome 

In recent years, the literature relating occu­
pational factors to the development of hand­
wrist tendinitis, CTS, and hand- arm vibration 
syndrome has been extensively reviewed by 
numerous authors.~ m. 75• 76· 1~1 :?On. 21~ Over.ill, 
almost all of these reviews reached a s imilar 
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conclusion-that work factors were one of 
the important causes of hand-wrist tendinitis 
(see Table 6) and CTS (see Table 7). One 
review by Moore157 (1992) found the evidence 
equivocal. He stated, however, that the epide­
miologic studies revealed a fairly consistent 
pattern of observations regarding the spec­
trum and relative frequency of CTS (among 
other MSDs) among jobs believed to be haz­
nrdous. 

The strength of the association beh,•een 
work plilce factors and CTS varies greatly 
among studies. Of the 22 studies listed in 
Table 7, 16 report statistically significant ORs, 
ranging in magnitude from 1.7 to 34, for ex­
posure to various job-relnted factors . The de­
gree of association reported by different in­
vestigators appears influenced by three 
factors: (1) the precision of diagnostic criterin 
used for the health outcome, (2) the degree of 
sophistication of exposure measures, and (3) 
the specific work factors examined in the 
study. In two of 22 studies listed in Table 10, 
CTS was assessed based on symptoms alone; 
in another six, the case definition was based 
on a combination of symptoms and physical 
findings. Electrophysiologic tests of nerve 
function were used in 11 studies. In hvo stud­
ies, CTS cases were identified from records 
only, so the diagnostic criteria may have dif­
fered substantially among cases. In general, 
the stronger associations were found in stud­
ies with more precisely defined and more 
severe cases (in terms of intensity, duration, 
and frequency of symptoms), and in which 
exposures were assessed in greater detail and 
more objectively. 

One explanation for the variability in the 
degree of association among the reviewed 
studies is the differences in the exposure ,•ari­
ablcs examined. Although the causes of CTS 
and tendinitis are believed to be multifacto· 
rial, it is highly probable that some work· 
place factors are more directly related to these 
outcomes than others. Despite this variability 
in the strength of the association, there is 
consistent evidence lo support the association 
of repetitive hand motions,"'- 1.:0, '"'· 1• , . 1Qs ~"' 
forceful manual exertions/· 1or., l'ffl, :.~ and 
hand-arm vibrationJ.1· ~s. ~! 2.'\.I with CTS or 
hand-wrist tendinitis. 

Acti\'ities in non·neutral wrist poshlres 
were associated with CTS in studies by Arm· 
strong and ChaffinK (1979), deKrom et al,~ 
(1990) and Barnhart et a1,1~ (1991) but they 
were not associated with hand-wrist tendini­
tis in the study by Kuorinka and Koskinen 1Jo 

(1979). Repetitive work that involved high 
force and precision of the hands resulted in 
higher static loading of the arms in a study 
by Milerad and Ekenwall1H (1990). Although 
there was a strong relationship between cold 
temperatures and an increased risk of CTS in 
the study by Chiang et al,~" (1990) the authors 
indicated that workers who were most ex­
posed to low temperatures also exerted more 
force with their hands, a factor that was not 
considered in the analysis. Among risk foe­
tors for which evidence of ii relationship is 
strongest, repetitive work appears to be more 
strongly related to hand- wrist musculoskelc­
tal disorders than other factors iY7• '"" 

There is e\'idence that the p• ·sence of two 
or more risk factors can have ,ighly syner· 
gistic effects-Le., workers wl , perform re­
petitive and forceful activities I ve far higher 
rates of hand-wrist disorders ban workers 
who perform either repetitive r forceful ac­
tivities alone.~· m ,.;~ iw, The co ,bined effects 
of exertional force and other ri., factors were 
found to be multiplicative for h nd- wrist ten­
dinitis and CTS in several stud ~s. Si lverstein 
et al rr. ,..., (1986, 1987) foun d 1 fivefold in­
creased risk of CTS for highly repetitive jobs 
compared with low-repetition jobs. When 
high force was combined with high repeti ­
tion, the OR for CTS increased to 15, whereas 
the odds of hand-wrist tend ini tis increased 
29-fold compared with low fo rce, low repeti­
tionY1 In a study of meat packers, Moore and 
Garg1n (1994) found force (defined as esti­
mated percent maximum voluntary contrac­
tion} combined with duration of recovery 
time within a cycle to be significantly associ· 
ated with distal upper-extremi ty disorders, 
which were primarily tendon-rl'lated (OR .: 
6.9-39.4). 

Morgenstern et al' ~ (1991 ) ., nd Baron et 
al'" (1991) demonstrated that the risk of CTS 
increased with increasing hou rs at work 
among grocery cashiers, and DeKrom et al '-' 
(1990) reported an increased ri!'i-.. of CTS with 
increasing weekly exposure tn wrist flexion. 
The Silverstein•~; (1986) study .1lso suggests 
an exposure-response relationship, in that 
workers in high-force, high-repetition jobs 
had a higher prevalence of CTS and wrist 
tendinitis than those in low-force, high-repeti· 
tion jobs. These workers, in tum, had a higher 
prevalence of disease than those in low-force, 
low-repetition jobs (see Table 7). Similar find· 
ings, correlating CTS with increasingly force­
ful and repetitive work, were reported by 
Stock:!lVI (1991) and Hales™ (1991) in their re-
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analysis of the Nathan ct nl 157 (1988) data. At 
the present time, however, there is insuffi­
cient evidence to describe precisely the shape 
of the exposure-effect relationship or to de­
termine the relative contribution of several 
simultnneous exposures. 

Hand-Arm Vibration Syndrome 

The hazardous effects of occupntionnl ex­
posure to hand-arm vibrntion J,a,•e been dis­
cussed in litcraUy hundreds of studies dnting 
to the work of Loriga in 1911. In general. 
studies support il strong association between 
exposure to hand-arm vibration and vascular 
symptoms of hand-arm vibration syndrome 
(HAVS). Compared with one estimate that 
placed the prevalence of Raynaud's phenom­
enon at 4.6''r, (fem.iles) and 2.5% (males) in 
the general population, only 7 of 17 studies 
conducted between 1987 and 1994 found 
pre,·nlcnce rntes less than 20% among work­
ers exposed to hand-arm vibration. Of the 
seven studies, four examined forestry work­
ers in Japan and Finland, where significant 
imprO\·ements in working conditions were 
implement •d in the 1970s. In the remnining 
three stud ies, hand-arm vibration exposure 
was not .tctually measured and there is rea­
son to sus pect that the study population was 
not heavil ' exposed. Likewise, according to 
the 1989 N.itional Institute for Occupational 
Safety and Health review, only 9 of 52 cross­
sectional studies reported a prevalence rate 
less than 20% among workers exposed to 
hand-arm , ibration.1,;,, In studies in which 
exposed workers were compared with a con­
trol group, ORs greater than 5 were fre­
quently reported.1" 1 

Table 11 lists studies conducted since 1992, 
including one prospective cohort study 
among Finn ish lumberjacks.rn ln that study, 
Kivekas et i\111~ (1994) found a HAYS cumula­
tive incidence of 14.7'¥., among the lumber­
jacks over a 7-year period compared with 
a cumulative incidence of only 2.3% among 
referents. •~ The cumulative incidence rate of 
lumberjacks who had more than 25 years' 
exposure at the end of the follow-up period 
was 30.6'::,. Other studies of Finnish forest 
workers also show marked decreases in 
HA VS prevalence following the introduction 
of improved chain saws with reduced-,•ibra­
tion designs.11"'· 117 

Two studies provide evidence for a dose­
response relationship between vibration nnd 

HA VS prevalence,}~ and vibration and symp­
tom severity.' "" Bovenzi's '~ (1988) study of 
stone cutters using rock drms and chisel ham­
mers reported that HA VS prevalence in· 
creased nlmost linearh• with the total number 
of working hours, from about 18% for per­
sons with 6000 hours of exposure, to more 
thnn 50°/., nmong persons with more than 
26,000 hours of exposure. Mirbod's1~" study 
(1992) of 447 chain-saw workers reported that 
the prevalence of HAVS increased from 2.5% 
among workers with fewer than 14 years of 
exposure, to 11.7°~, among workers with 20 to 
24 years exposure, and to 20.9% among work· 
ers exposed 30 years or more. Thus, both 
studies found a statistically significant dose­
response relationship between symptom se­
verity (graded according to the Taylor-Pel· 
mear scc1le) with vibration exposure over 
time. 

Overall, there is substantial evidence link­
ing the intensity and duration of exposure to 
vibrating tools and the risk of developing 
HAVS. As the intensity and duration of expo­
sure nre increased, the onset of HA VS is has­
tened, although the precise shape of the dose­
response relationship is unknown. 

Low Back Disorders 

Heavy Manual Labor 

Severnl reviews of LBP in workers support 
the association of heavv manual labor and 
LBP.141. ltl" . .'!I.II In addition, workers' compen­
sation data show that workers with heavv 
manual jobs are more likely to develop coni'­
pensable back injuries.~1• " 7• "s ~ii An increased 
load on the nlrcady afflicted back produces 
more pain, and LPB will probably interfere 
with work requiring heavy manual labor."~ 
Workers with LBP in heavy physicnl jobs 
therefore are less likely to be able to perform 
their job duties than workers with LBP in 
less physically demanding jobs. Among the 
specific motions associnted with heavy physi­
cal activity, lifting, hvisting, and bending 
have been studied t~e most. 

Acute LBP can be triggered by a single lift. 
The risk of acute LBP increases with increas­
ing weight of the object and unexpected max­
imal effort. H, The relationship between re­
petitive lifting and LBP is less clear, but most 
studies and reviews support the association.~' 
""· ul.'! 1tl". m . wi Increasing object weight in­
creases the risk, with 25 lb reported ilS the 
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"threshold.''7• 110 Reviewing the literature, 
Castorina~~ summarized the strength of this 
association across studies, reporting RR from 
1.5 to 3. Other factors encountered during 
manual material handling such ilS distance 
the object is held away from the body (hori­
zontal distance}, distance to raise or lower 
the object (vertical distance), and hvisting, by 
themselves, are associated with LBP. Cas• 
torinau reports RR ranging from 1.4 to 5.9 for 
these factors (see Table 9). The occurrence of 
all these factors together (lifting, heavy 
objects, bending, h,•isting, and high fre­
quency) markedly increases the risk of LBP. 
Assigning a relative value for each of these 
factors is the basis for the National Institute 
for Occupational Safety and Health revised 
lifting equation.!31 Pending validation in field 
studies, this equation provides recommended 
Weight limits to prevent or reduce the OCCUrr 
rence of lifting-related LBP among workers. 

Prolonged Sitting and Standing 

Several investigations have shown that jobs 
that involve nearly all standing or nearly all 
sitting postures increase an individual's risk 
of LBP compared with jobs with frequent 
changes in posture. Some studies report re~ 
duced postural fatigue and less sick days 
when changes in posture are required during 
work136 {see Table 9). 

Vibration and Driving 

Driving motor vehicles is clearly associated 
with low back disorders (see Table 9). 
Whether this is caused by the prolonged sit­
ting or the whole-body vibrations experi­
enced while driving is not completely clear. 

PSYCHOSOCIAL FACTORS 

For most clinicians, the term psychosocinl 
factors is ill defined and difficult to grasp. As 
a result, considerable confusion and misun­
derstanding exist regarding the contribution 
of psychosocial factors or stressors to MSD. 
Work-place psychosocial factors can be 
placed into three broad categories: (1) job or 
task demands, (2) organizational structure, 
and (3) physical work environment (Table 
10). In addition, individual characteristics 
(such as personality traits, coping ability, atti­
tude toward one's own health) and factors 

outside of work can be independent contribu­
tors, moderators, or buffers: 

Individual 
Personality traits 
Psychological dysfunction (depression) 
Coping ability 
Job dissatisfaction 
Attitude toward life 
Attitude toward one's own health 
Overall poor health 
Lower socioeconomic stntus 
Lower intelligence 

Nonwork 
Marital problems 
Living alone 
Financial problems 
Coping ability 
Child-reMing problems 
Interpersonal conflicts 

These latter factors rnav influl ice the reason 
individuals perceive ;r react .iifferently to 
the same workplace situation. lurrell et al"" 
(1992) developed an excellent model to de­
scribe the complexity by which these factors 
can interact (Fig. 2). 

Three mechanisms have be1m suggest to 
account for associations between psychosocial 
factors and musculoskeletnl disorders.:4, J:. 
1":. ~ 0 First, psychosocial demands may over­
whelm the individual's coping mechanism 
and produce a stress response. This stress 
response may increase muscle tension or 
static loading of muscles.i:<i. m Second, psy­
chosocial demands may affect MSD aware­
ness and reporting, or increase its attribution 
to the work environment. Fin.1lly, in some 
work situations, psychosocial demands may 
be highly correlated with incn·,1sed physical 
demands. Any association beh· : en psychosor 
cial factors and MSD therefon may actually 
reflect the association betwecr physical fac­
tors and MSD, not the assoc1 tion between 
psychosocial factors and MSD. 

Upper Extremities 

Workplace Factors 

The majority of cross-secti~nal studies sup­
port the association of job or task demands 
and work-place psychosocial factors and up­
per-extremity MSD. Factors that have the 
most consistent association include high work 
loads, perceived time pressure, work pres­
sure, high work-load variability, poor work 
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Table 10. EXAMPLES OF WORKPLACE PSYCHOSOCIAL FACTORS AND STRESSORS 

Job-Task Demands· 

Heavy workload 
High workload variab:iity 
Increasing work pressure 
Unreal,stic deadlines 
Unrealisnc production standards 
No control over amount and quality ol work 
No control over job-related matters 
Lack of autonomy 
Lack of meaningful work 
Underutilization ol skills 
Ambiguous job expections 
Monotonous tasks 
Inadequate resources to accomplish job 
Customer hostility 
No opportunity lor learning 

"Factors within these categories overlap. 

Organlzal/onal· 

Job insecurity 
Lack of part cipation in decision making 
Poor communication 
No opportun•ty for career advancement 
Inadequate compensation 
Performance evaluation done poorly 
Computer monilonng 
Long hours or required overtime 
Shiftworl< 
Little interaction with coworkers 
Lack of social support from supervisors or 

coworkers 
Poor labor-management relationship 
Low priority for health and well-being 
Racial or gender discrimination 
Sexual harassment 
No spirit of partnership or teamwork 

Physical 

Too hot or co'.d 
Noisy 
Noxious odors 
Poor venlilation 
Poor hghling 
Crowding 
lsolal1on 

content, a nd monotonous work. Most of these 
studies based their case definitions of MSD on 
self-reports of neck and shoulder symptoms.• 
Several s tudies used physical examination in 
addition to symptoms as an "objective" mea­
sure of a MSD,r, "1• 011, lf>l. 111 21" whereas others 
used visits to a medical serviccn• or sick 
leave1::1 us outcome measures. Because they 
measure both risk factors and health simulta-

·Reference:- 2-1. -10, 52, SS, 62, 91, 122. 129, l30, 139. 
188, 21 i , 216, ,1nd 238 

ncously, cross-sectional study designs cannot 
distinguish cause from effect, for example: Do 
concerns about job security result in a stress 
response such as increased muscle tension 
which can then lead to a MSD, or does having 
a MSD create a heightened concern that one's 
job may be in jeopardy because of foar of 
being laid off because of the MSD? Longitudi­
nal studies, which can determine the tempo­
ral relationship between exposure factors and 
disease, have supported the association of 
work-place psychosocial factors or strcssors 
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DEVELOPMENT -------------------------------~. 
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AFFECT 
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I 
I 
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I 
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Figure 2. Model of job stress and health. (From Hurrell JJ, Murphy LR· Psychological job stress In Rom WN (ed) 
Environmental and Occupalional Medicine. New York, Little. Brown & Company, 1992. pp 67~84; with permission) 
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(see Table 10) and upper extremity MSDs de­
fined by both symptoms and symptoms plus 
physical examination,lll· -,, m. :!li m 

Individual and Nonwork Factors 

For the few studies investigating the contri­
bution of individual psychological factors and 
upper-extremity MSD, the results are mixed. 
Type A behavio~ 71 and affective disorders 
(depression and anxiety)ft5 m iJH, 184 have 
been associated with neck and shoulder dis­
orders. Other investigators did not find a 
relationship.~•H. u, 

Low Back Disorders 

Work-place Factors 

Many cross-sectional studies support the 
relationship between work-place psychosocial 
stressors and LBP and low back disorders.~ l'4 

u1 , OJ l:"I. Ill!, m. 137 :?II". W I. :U After controlling for 
potentially confounding physical factors, two 
studies maintained the positive association.~.ib. 
The most consistently reported stressors in­
clude monotonous work, poor social relations 
ilt work, increasing work pressure, .ind lack 
of job control. On the other hand, two cross­
sectional studies did not find positive 
associations.n, Ill? 

Only two longitudinal studies have ad­
dressed the relationship behveen work-place 
psychosoctal stressors and low back disor­
ders.1u" Astrands1~ (1988) found no associa­
tion, whereas Bigos:1 reported .in association 
between poor social relationships at work and 
reports of LBP to the medical department or 
filed workers' compensation claims (WCC). 
Bigos=· also reported job dissatisfaction as a 
significant predictor of future WCC for LBP 
(OR = 1.7).i7 Most researchers consider job 
dissatisfaction as a "stress response" to work 
place and individual psychosocial stressors 
rather than as a stressor itself (see Fig. 2). 
Unfortunately, Bigosv did not investigate any 
of the potentially precipitating job or task 
demand stressors listed in Table 10. Other 
studies have examined the relationship be­
tween job dissc1tisfaction and MSD while con­
trolling for these and other potential con­
founders. One cross-sectional studym and 
one longitudinal studi7 found a positive as­
sociation; three cross-sectional studies"1• ii,;. ~10 

and two longitudinal studies1~, 2s found no asso­
ciation. Studies examining the relationship 

bchveen job dissatisfaction ,1nd back MSD 
therefore Me not consistent. 

Individual and Nonwork Factors 

As with upper extremity disorders, a host 
of psychosocial factors associated with the 
indiYidual worker (e.g., person.ility traits and 
emotional problems) ilnd the nonwork em•i­
ronment (e.g., living alone) have been linked 
to back p,1in and disability in both cross-sec­
tional and longitudinal studies Bongers:u. ' 
summarized this data in two excellent re­
views. These studies show clea r .1ssociations 
between psychological distress or dysfunc­
tioning and self-reported bac pain. Few 
studies have investigated the as" ,ciation with 
low socioeconomic statu.; whi , controlling 
for workplace physical facto, (e.g., high 
force, high repetition, etc.) 

In summary, the psychosocial ,1ctors (work 
place, individual, and nonwork) most consis­
tently associated with upper c,tremity and 
low back MSD are intensified work load, mo­
notonous work, limited job con lrol, and little 
social support. These s.ime factors have been 
identified in some longitudin.il studies that 
have accounted for physicill demands, so 
their contribution lo MSD should be rela­
tively independent of physical load. These 
associations are not limited to office work 
involving the use of VDTs, but are found in 
a variety of work situations. The mechanism 
by which these factors or stressa rs exert their 
contribution remains to be clu -,dated. Most 
clinicians accept that psycho~ncial factors 
probably influence the rcportin,~ of, and re­
covery from, work-related MSD.-;. Longitudi­
nill studies mentioned in this a~ticle suggest 
they also play a role in the dL elopment of 
upper-extremity and low bnck l.J~orders. This 
latter statement, that psychosoc 11 factors can 
contribute to the development of a MSD, is 
less well accepted. Despite numerous studies 
documenting the association bet ween psycho­
logical stress and other physical disorders 
such as hypertension, 1~• . ,~~. 1" 5• 11 coronary ar­
tery and other cardiovascular disease/ ~. to., 
,~. m. 1""· 1~1 1q3 and immune function nnd 
infections,~11• 71 many clinicians remain skepti­
cal about the association between psychoso­
cial factors and the development of MSD. Per­
haps this skepticism persists because of the 
lack of a well-accepted mechanism by which 
the psychological stress could lead to a MSD. 
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CONCLUSION 

The human and financial costs of work­
related MSD in the United States is stag­
gering. This article outlines the finnncial costs 
nnd provides evidence that a variety of work­
place risk factors (physical nnd psychosocial) 
contribute to their de\•elopment. Reducing 
work-place risk factors encountered by the 
affected employee during his or her job tnsk 
is an important component of any treatment 
plan. The clinician can play a critical role in 
emphasizing this responsibility to the em­
ployer. This both allows affected employees 
to remain at work and be productive mem­
bers of the work force and should prevent 
the development of similar disorders in other 
workers. 
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