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Work-related musculoskeletal disorders 
~ommonly involve the back, cervical spine, 
md upper extremities. Understanding of 
:hese problems has developed rapidly during 
:he past decade. The two sections of this 
:hapter provide an overview of these prob­
ems and a framework for recognizing and 
,reventing them. 

Low back pain is one of the oldest occupa­
ional health problems in history. In 1713, 
3emardino Ramazzini, the "founder" of oc­
:upational medicine, referred to "certain vi­
>lent and irregular motions and unnatural 
>ostures of the body by which the internal 
tructure" is impaired. Ramazzini examined 
he harmful effects of unusual physical activ­
ty on the spine, such as the sciatica caused 
1y consfantly turning the potter's wheel, 
umbago frorri s 4ting, and hernias among 
,orters and bearers of heavy loads. 

In addition to being one of the oldest occu-
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pational health problems, low back pain is 
one of the most common. Approximately 
80% of workers experience low back pain 
sometime during their active working life. 
At any given moment, 10% to 15% of the 
adult U.S. population experiences low back 
pain (1,2). Back pain is the most frequent 
cause of activity limitation in people younger 
than 45 years of age, the second most fre­
quent reason for physician visits, and the 
third ranking reason for surgical procedures. 
Approximately 11 % of Americans report 
low back impairment or a reduced ability to 
function. Every year, about 2% of the em­
ployed population lose time from work be­
cause of low back pain, and approximately 
half of these people receive compensation 
for lost wages. Lost time from low back pain 
averages 4 hours per worker per year, and 
among medical reasons for work absence it 
is second only to upper respiratory tract in­
fections. 

Low back pain is clearly the most costly 
occupational health problem. Although 16% 
to 20% of all workers' compensation cases 
involve low back pain, these cases are re­
sponsible for 34% to 40% of the total costs. 
More than $16 billion (in direct costs) is spent 
each year on the treatment and compensa­
tion of low back pain in the United States 
(1 ). Including indirect costs, the total ex­
penses for these back problems may be as 
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Many different types of worker~ :ire prone to hac.:k prohlems. (Drawing hy Nic.:k Thorkelson .) 

high as $50 to $80 billion (3). However, back 
pain expenses are not equally distributed; 
they are highly biased toward the more ex­
pensive cases-25% of low back pain cases 
account for more than 90% of the expenses. 
Most cases are relatively inexpensive. Psy­
chological impairments accompany many of 
the more expensive cases, either preceding 
or in response to the physical disability. 
Therefore, in cases of chronic low back pain, 
both the medical and the psychological as­
pects must be addressed. 

PATHOPHYSIOLOG Y 

Pain in the lumbosacral spine can result from 
inflammatory, degenerative, neoplastic. gy­
necologic, traumatic, metabolic, or other 
types of disorders. However, the great major­
ity of low back pain is nonspecific and of 
unknown cause. Many theories regarding the 
origin of nonspecific low back pain have been 
proposed, but so far no one has been able 
to prove how and where the pain arises. 

The intervertebral disc as a source of low 
back pain has attracted much attention, 
mainly for two reasons. Discs herniate and 

the herniated nucleus pulposus (HNP) is 
such an obvious, dramatic, and reputed cause 
of back pain and sciatica that most workers 
know, or know of, someone with this diagno­
sis. Furthermore, most workers know that a 
herniated disc may require surgical treat­
ment and that the results vary. The second 
reason for attention to the disc is that it de­
generates, and the degenerative process is 
readily visible on magnetic resonance images 
(MRI) and often on radiographs. 

The significant focus on the disc as a source 
of back pain is unwarranted. In reality, herni­
ated discs are responsible for only a minor 
share of back problems (1 % to 5% ). A herni­
ated disc is a specific clinical entity character­
ized by pain radiating into one leg (some­
times both legs) and usually accompanied or 
preceded by low back pain. Physical exami­
nation often reveals the presence of one or 
more objective neurologic changes, such as 
reflex asymmetry, sensory change in the dis­
tribution of a nerve root, or muscle weak­
ness. Additionally, the clinical diagnosis re­
quires the presence of positive nerve root 
tension signs, for which the straight-leg rais­
ing test is most commonly used. Fewer than 
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1 % of patients who have lumbar disc hernia­
tions have a massive extrusion of nuclear 
material sufficient to interfere with nerve 
control of bladder and bowel function (cauda 
equina syndrome). Although it is not com­
mon, the cauda equina syndrome is a true 
surgical emergency, because failure to de­
compress the lesion may result in permanent 
loss of bladder and bowel control. Most pa­
tients who meet the clinical criteria for HNP 
recover spontaneously from acute symptoms 
and have minimal residual functional or 
work capacity impairment. 

Disc degeneration is not synonymous with 
back pain and, indeed, it is as common in 
those without as in those with low back pain. 
Disc degeneration, however, may predispose 
to herniations and to other clinical syn­
dromes, such as "spinal instability" and spi­
nal stenosis. All human spines degenerate 
with time. Most autopsy specimens show the 
onset of gross and microscopic evidence of 
intervertebral disc degeneration by the third 
decade of life. These pathologic changes are 
accompanied by alterations in the chemical 
composition of the disc, such as decrease in 
water content, increase in collagen, and de­
crease in proteoglycans. The onset of 
changes occurs earlier in life in men and oc­
curs most commonly in the IA-5 and 
L5-Sl discs. 

Radiographic changes indicative of disc 
degenerations, such as disc space narrowing 
and spinal osteophytes, lag behind the histo­
logic and chemical events. The prevalence of 
these degenerative changes is the same in 
patients with and without low back pain. The 
presence of a narrowed intervertebral disc is 
not correlated with the risk for, or the pres­
ence of, a disc herniation. Nor does it provide 
an explanation of the patient's pain in most 
cases. This issue is of even greater impor­
tance in the interpretation of imaging studies 
such as computed tomographic (CT) scans 
and MRI studies. Disc degeneration is often 
present on MRI scans of workers in their 20s 
and 30s. As the disc degenerates, it usually 
bulges. The presence of disc bulging is 
equally common in those with and without 
a history of back pain. Furthermore, 20% to 

30% of asymptomatic patients have evidence 
of disc herniation on these structural exami­
nations, emphasizing the need to carefully 
correlate the patient's symptoms and signs 
with imaging studies. A positive image with­
out appropriate clinical symptoms and signs 
is insufficient to make a clinical diagnosis. 

Back sprains and strains are probably the 
most common causes of occupational low 
back pain. A strain is defined as a muscle 
disruption caused by indirect trauma, such 
as excessive stretch or tension. Sprains are 
actually specific to ligaments, but the terms 
sprain and strain are loosely interchanged. 
There is currently no available method to 
specifically diagnose a sprain or strain injury; 
these injuries usually are diagnosed by exclu­
sion of other possible causes of pain. Animal 
studies have shown that strains heal rapidly 
(within weeks) and that the healing process, 
after the first few days, is positively influ­
enced by controlled activation, defined as 
smooth movements within the normal range 
of the affected joint. The previously common 
recommendation of prolonged rest has been 
abandoned. Controlled activity leads to a 
more rapid recovery. 

Other spinal diagnoses of relevance to oc­
cupational low back pain include spinal ste­
nosis, spinal instability, facet syndrome, in­
ternal disc disruption, and spondylolysis/ 
spondylolisthesis. A brief description of 
those entities is provided here; for detailed 
descriptions see references 3 and 4. 

Spinal stenosis is defined as a narrowing 
of the spinal canal or nerve root foramina, 
or both. Diffuse narrowing of the spinal canal 
( central spinal stenosis) has many causes, but 
most commonly the stenosis results from de­
generation with posterior osteophytes proj­
ecting into the spinal canal, hypertrophy of 
the articular facets, and buckling of the liga­
mentum flavum. Neurogenic claudication is 
a common symptom, as is pain on extension 
relieved by flexion. Reflex, motor, and sen­
sory changes are often completely absent. 
Unlike lumbar disc herniations, nerve root 
tension signs ( e.g. , straight-leg raising test) 
are often negative. 

A subgroup of patients with spinal stenosis 
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have predominantly lateral recess or nerve 
root canal stenosis. This often is caused by 
a combination of facet hypertrophy and disc 
bulge, which reduces the exit space available 
at the affected disc level or levels and com­
promises the nerve root. These patients may 
present with disc hernia-like symptoms, par­
ticularly if only one level is affected. It is 
important to recognize the relation between 
spinal stenosis and disc herniations. When 
the spinal canal and lateral nerve root canals 
are narrowed, a relatively small disc hernia­
tion can produce clinically significant symp­
toms, such as radiculopathy, which would not 
have occurred if the canal had been of ade­
quate dimensions. Therefore, preexistence 
of spinal stenosis can contribute to the devel­
opment of symptoms caused by a disc herni­
ation. 

Spinal instability is an ill-defined entity 
characterized by recurrent episodes of low 
back pain and/or sciatica triggered by minor 
mechanical overloads. For definite diagnosis, 
a shift in the alignment of vertebrae observed 
on flexion-extension radiographs or other 
provocation radiographs is required. A spe­
cial class of spinal instability comprises the 
gross instabilities caused by fractures, tu­
mors, and infections. In these patients, 
flexion-extension radiographs usually are not 
necessary for diagnosis and can, in fact, be 
harmful, causing damage to the nerve struc­
tures. 

Facet osteoarthritis can contribute to back 
pain. The role of the so-called facet syn­
drome has been deemphasized in recent 
years, because it appears not possible to clas­
sify it clinically with any certainty. Further­
more, specific treatment aimed at the facet 
joints has been largely unsuccessful. 

Internal disc disruption is another syn­
drome for which the classification remains 
uncertain. Injections into the disc with con­
trast media (discography) should reproduce 
the patient's pain and also demonstrate dis­
ruption of the disc architecture. Although 
internal disc disruption probably exists, it 
should be considered a rare cause of occupa­
tional low back pain. 

Spondylolysis (a defect in the neural arch) 
and spondylolisthesis (a forward displace­
ment of one vertebra in relation to the under­
lying vertebra or sacrum), occurs most com­
monly at the LS-Sl level; it develops during 
adolescence, with little further risk of slip­
page in adulthood. It is generally believed to 
represent a fatigue fracture of the neural 
arch, occurring at a specific region (the pars 
interarticularis), that has failed to heal. 
Workers with spondylolysis are no more at 
risk for back pain than those without, 
whereas spondylolisthesis may render the 
worker somewhat more susceptible to low 
back pain. This is particularly the case when 

TABLE 26-1. Classification of Low Back 
Disorders• 

Classification Symptoms 

1 Pain without radiation 
2 Pain + radiation to extremity, proxi-

mally 
3 Pain + radiation to extremity, distally 
4 Pain + radiation to upper/lower limb 

neurologic signs 
5 Presumptive compression of a spinal 

nerve root on a simple roentgeno­
gram (i.e., spinal instability or 
fracture) 

6 Compression of a spinal nerve root 
confirmed by specific imaging tech­
niques (i.e., computerized axial to­
mography, myelography, or mag­
netic resonance imaging) or other 
diagnostic techniques (e.g., elec­
tromyography, venography) 

7 Spinal stenosis 
8 Postsurgical status, 1-6 months 

after intervention 
9 Postsurgical status, >6 months after 

intervention 
9.1 Asymptomatic 
9.2 Symptomatic 

10 Chronic pain syndrome 
11 Other diagnoses 

• In addition to symptom classification, low back dis­
orders are classified by duration of symptoms ( <7 days, 
7 days to 7 weeks, > 7 weeks) and by working status 
at the time of the evaluation (W, working; I, idle). 

From Spitzer WO, LeBlanc FE, Dupuis M, et al: Sci­
entific approach to the assessment and management 
of activity-related spinal disorders: a monograph for 
clinicians. Report of the Quebec Task Force on Spinal 
Disorders Spine 1987;12(Suppl 7):81-859. 
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the olisthesis is grade 2 or greater-that is, 
the slip is more than 25% of the vertebra 
below. 

A variety of classification systems have 
been developed for low back pain. The most 
comprehensive system is based on symptoms 
and was developed by the Quebec Study 
Group (5). Table 26-1 outlines the system, 
which is applicable to all anatomic regions 
of the human spine. Table 26-1 also notes 
two other important means for classifying 
low back disorders: duration of symptoms 
and working status. The Quebec Study 
Group states that acute symptoms are those 
that last 7 days or less; subacute symptoms 
last from 7 days to 7 weeks, and chronic 
symptoms last longer than 7 weeks. This is 
a convenient division that reflects the normal 
recovery period of patients with back pain. 
Work status is also important because of its 
influence on prognosis. 

DIAGNOSIS 

The cornerstones of diagnosis are the history 
and the physical examination (3,4). In most 
patients, this is the only evaluation necessary. 
Patients with recurrent or chronic symptoms, 
those with more severe back pain of an unre­
lenting nature, and those with neurologic 
deficits may require imaging, electrodiagnos­
tics, or laboratory studies. The use of these 
tests should be based on specific indications 
derived from the history and physical exami­
nation, and the results must be correlated to 
the history and physical examination. Pa­
tients with chronic symptoms sometimes also 
need a psychological evaluation. 

The history should contain information 
about present and previous symptoms, sig­
nificant other medical diseases, and use of 
medications. The onset of the symptoms 
should be explored in detail, including recent 
trauma. Pain is the most important symptom. 
Its pattern, intensity, site, and distribution 
should be determined, as well as the factors 
that accentuate and relieve it. The time of 
day when pain is most severe should be ascer-

tained. Worsening through the day suggests 
mechanical low back pain and is the most 
common pattern. Pain on arising in the 
morning, with improvement during the day, 
suggests an inflammatory condition. Pain 
that is most severe at night and awakens the 
patient is a sign of possible malignancy or 
infection. Pain distribution is critical for cor­
rect classification of patients, particularly 
when pain radiates down the leg. Dermato­
mal pain must be separated from referred or 
nonspecific leg pain. 

Neurologic symptoms should be identi­
fied, including sensory changes such as 
numbness and tingling, subjective sense of 
lower extremity weakness, and changes in 
bladder and bowel control or sexual func­
tion. Loss of ability to initiate voiding and 
urinary or fecal incontinence are symptoms 
of a cauda equina syndrome that must be 
further evaluated with urgency. Progressive 
lower extremity weakness and "foot drop" 
are other symptoms requiring further evalu­
ation. 

Over time a series of symptoms and signs 
have been identified as "red flags" (Table 
26-2). They are helpful in deciding which 
patients need emergency diagnostic tests or 
immediate referral. 

The physical examination consists of in­
spection, palpation, range of motion mea­
surements, and neurologic tests. Body move­
ments, gait observations, and inspection of 
the patient's standing posture provide infor­
mation on the severity of symptoms and 
allow an estimate of functional limitations. 
The range of motion, including flexion-ex­
tension, lateral bending, and axial rotation, 
are observed and measured. Examination of 
the lower extremities serves to determine the 
presence or absence of any significant joint 
deformities and to assess neurologic func­
tion. Hip motion should also be evaluated, 
because hip and spine problems are some­
times difficult to differentiate. Knee ( quadri­
ceps) and ankle (Achilles) reflexes should be 
obtained in the sitting or supine position. 
The knee reflex can be affected by an L4 
root compression; the ankle reflex is medi-
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TABLE 26-2. The "Red Flags" of 
low back pain 

Possible Physical 
condition History examination 

Fracture Major trauma Intense ten-
Minor trauma (older demess 

patient) 
Tumor Age <15 or >50 yr 

Known cancer 
Unexplained weight 

loss 
Night pain 

Infection Recent fever or Intense ten-
chills demess 

Recent bacterial in- Fever 
faction (urinary 
tract infection) 

Intravenous drug 
use 

Immune suppression 
Unrelenting pain 

Cauda Saddle numbness Weak anal 
equina Urinary retention, in- sphincter 
syndrome continence Perianal sen-

Severe (progressive) sory loss 
neurologic deficit Major motor 
in legs weakness 

ated primarily by the Sl nerve root. Nonspe­
cific loss of sensation must be differentiated 
from well-defined dermatomal loss. Motor 
function is also grossly evaluated. The 
strength of the extensor hallucis longus is 
typically affected by an L5 nerve root com­
pression. Because more than 90% of all neu­
rologic low back pathology involves the L4, 
L5, and Sl nerve roots, the two reflexes (knee 
and ankle), one strength test ( extensor hal­
lucis longus), and a sensory examination are 
sufficient for screening purposes. 

The evaluation of nerve root tension signs 
is important. The straight-leg raising test is 
the test most commonly used. It is positive 
when sciatica (posterior leg pain) is repro­
duced. The degree of elevation at which the 
symptoms occur is recorded. 

At the completion of the history and physi­
cal examination, decisions regarding the 
need for further diagnostic tests can be made 
and an initial therapeutic plan formulated. 
For most patients, further diagnostic studies 
are not required. Additional evaluation of 

the patient depends on symptom response to 
treatment and the severity of any remaining 
symptoms. The diagnostic tests under con­
sideration fall into two categories: those per­
formed to detect physiologic abnormalities 
and those performed to detect anatomic ab­
normality and provide anatomic definition. 
Tests of physiologic dysfunction include lab­
oratory tests, bone scans, and electrodiag­
nostic studies ( electromyography). Ana­
tomic tests include radiology and other 
imaging studies (CT, MRI, and myelogra­
phy). In selected cases a psychological evalu­
ation may also be required. 

Radiographs are commonly used, but as a 
screening tool they have limited value. De­
generative changes are nonspecific and often 
are unrelated to the patient's pain. A variety 
of other imaging techniques, as indicated 
previously, are now available to · assess pa­
tients who fulfill criteria for their use. These 
tests allow assessment of the anatomy of the 
spinal canal and its contents. These tests 
should not be used routinely in patients with 
low back pain, but only when indicated, 
based on the patient's history and physical 
examination. In other words, these tests are 
used to confirm a clinical suspicion. The basic 
principle is that anatomic images are only as 
valid as their correlation with clinical signs 
and symptoms. This is important because im­
aging abnormalities are common in people 
who have never had low back symptoms or 
sciatica. Further, in addition to clinically sig­
nificant abnormalities, a number of other 
findings of questionable or unknown impor­
tance are commonly observed. These include 
disc bulging and disc degeneration, which are 
both nonspecific. Other diagnostic tests are 
more rarely indicated (5). Laboratory tests 
are rarely helpful. A bone scan is an excellent 
screening test when there is clinical suspicion 
of tumor, fracture, or infection. Electrodiag­
nostic tests ( electromyography, somatosen­
sory evoked potential, and nerve conduction 
velocity) are indicated only when there is 
strong suspicion of neurologic involvement, 
but the neurologic examination and imaging 
studies are unclear. 
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RISK FACTORS-HIGH-RISK JOBS 

It is difficult to determine the relation be­
tween occupational factors and low back 
pain because (a) low back pain is not easily 
defined and classified; (b) sickness absence 
and other disability data are influenced not 
only by pain but also by physical and ps~cho­
logical work factors, social factors, and msur­
ance systems; (c) there is a poor relation be­
tween tissue injury and disability; ( d) the 
" healthy worker effect" influences data; and 
( e) exposure is difficult to determine. The 
retrospective assessment of exposure in most 
studies limits casual interpretation. 

The seven most frequently discussed fac­
tors are listed in Table 26-3 (2,6). The six 
physical work factors have been experim~n­
tally associated with the development of m­
juries in spinal tissues. The seventh, psycb~­
logical and psychosocial work factors, 1s 
probably more related to back disability than 
to an actual back injury. 

There is presently an enormous body of 
data implicating heavy work in increasing the 
risk of back pain, sciatica, and disc hernia­
tions. Most investigators are using sickness 
absence and injury reports as their sources; 
therefore their studies reflect not only back 
pain but ~!so disability caused by back pain. 
However some studies are based on ques­
tionnaire~, interviews, and even disc hernia 
operations. Several countries report similar 
data. One study of occupational safety and 
health data from the United States found 
significantly higher rates of back sprain or 
strain among workers in heavy industries and 
in physically demanding occupations (7). 
These data were confirmed in other popula-

TABLE 26-3. Occupational 
factors associated with an 

increased risk of low back pain 

Heavy physical work 
Static work postures 
Frequent bending and twisting 
Lifting, pushing, and pulling 
Repetitive work 
Vibration 
Psychological and psychosocial stress 

tions (2,8). In another study, injury rates 
were related to predicted spine compression 
forces in 55 industrial jobs. Back pain was 
twice as common if the predicted disc com­
pression was greater than 6,800 N (1,500 
lb) (9). 

Static work postures include primarily 
Jong-term sitting, which appears to increase 
the risk oflow back pain and which, in combi­
nation with driving, increases the risk of disc 
herniation (2,10-12) Frequent bending and 
twisting are usually associated with lifting 
when reported as causes of back injuries. 
However, one study found low back pain to 
be associated with asymmetric postures in a 
car assembly plant even when lifting was not 
performed (13). . . 

Lifting is a well-known tnggenng event 
for back pain (2,14-17). One study compared 
workers who performed heavy manual lifting 
with sedentary workers; the odds ratio was 
8 (18). Insurance company data indica~e that 
a worker is three times more susceptible to 
compensable low back pain if be or she per­
forms excessive manual handling tasks (19). 
Associations between prevalence of low 
back pain and lifting have also been estab­
lished by others (15-17,20). Another study 
found that disc herniations were more fre­
quent among subjects who bad to l~, partic­
ularly when lifting was performed m a bent 
and twisted posture (odds ratio, 6) (21). 

Low back pain is more frequent in vehicle 
drivers than in control subjects, implicating 
vibrations (perhaps in combination with the 
sitting posture) as a cause. One study found 
truck drivers to have a fourfold increased 
risk of disc herniations, whereas simple car 
commuting increased the risk by a factor of 2 
(22). Other studies also indicate an increased 
risk of low back pain with vibration (2). An­
other study found that the risk of being hos­
pitalized for HNP in Finland was ~articu_larly 
high for professional motor vehicle . dnvers 
(23). Studies of vehicle drivers have d1sclo_sed 
that radiographic changes occur over time 
(2). . 

Psychological and psychosocial w~rk fac­
tors have received increasing attent10n be-
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cause of their effect on low back disability. 
Monotony has been identified as a risk factor 
for back pain, (15) as has poor work satisfac­
tion (14,15). Investigators concluded, based 
on the Boeing study, that psychological work 
factors were more important than physical 
factors as risk indicators of filing worker's 
compensation claims for low back pain 
(14,24). 

MANAGEMENT 

The management of patients with low back 
problems has undergone major changes over 
the last decade (3,4,25). In general, patients 
recover from an acute episode in days to a 
few weeks and require little treatment (Fig. 
26-1) (5). If symptoms continue, physical ac­
tivity is now recommended, whereas rest was 
often prescribed in the past. 

Early treatment should include (a) infor­
mation about back pain and its excellent 
prognosis; (b) help with control of symptoms, 
including medication and advice on activity; 
and (c) a reassessment plan. Many patients 
are concerned about a back problem when 
it first arises and have misconceptions about 
its natural history and effect on their future 
lives. This fear can be eliminated by appro­
priate information. Symptom control is typi­
cally achieved by medication, but manip-

C 
.2 

1.0 

0.8 

~0.6 
Q. 
0 

~ o.~ 

0.2 

20 ~o 60 so 100 120 uo 200 Joo 

Doy, 

FIG. 26-1. The recovery rate after a back injury 
is rapid. The figure shows the proportion of peo­
ple who were absent from work at different times 
after first reporting sick. (From: Andersson GB, 
Svensson HO, Oden A. The intensity of work 
recovery in low back pain. Spine 1983;8:880-
884.) 

ulation can also have beneficial effects in 
the acute stages of the problem. Analgesics 
and nonsteroidal antiinflammatory drugs 
(NSAIDs) are the medications that are most 
frequently used. Muscle relaxants can cause 
drowsiness and appear to be no more effec­
tive than NSAIDs. 

Activity advice is critical. Some degree of 
activity restriction is often necessary to re­
duce symptom severity. This can often be 
accomplished by modifying work activities 
and work postures, while allowing the pa­
tient to continue working. Bed rest should 
be advised only in more severe cases, and 
then for no more than 2 to 3 days (26). Early 
return to work is critical to prevent pro­
longed disability and should be emphasized 
as being part of the recovery process. Activ­
ity recommendations (restrictions) may in­
clude limitations on lifting, twisting, and 
bending, and on the duration of sitting, 
standing, and walking (3). Restrictions 
should remain in place only for a short pe­
riod. The beneficial natural history should 
allow unrestricted return to work after sev­
eral weeks. 

Many treatment alternatives have been 
and are being used in the treatment of acute 
low back pain, but few have been rigorously 
studied for treatment effect (5,25,27). There 
is no evidence that physical therapy modal­
ities influence the natural history of recovery, 
although the patient many sometimes feel 
temporary relief. The medical literature also 
does not support benefits from the use of 
transcutaneous electrical nerve stimulation 
(TENS), corsets, traction, acupuncture, or 
biofeedback in the treatment of acute low 
back pain. Corset use may allow the patient 
to return to physical activities ( e.g., lifting) 
earlier, but it does not affect long-term re­
sults. Back schools provide an efficient 
method of education but not an effective 
treatment method. Manipulation appears to 
hasten recovery in patients with acute low 
back pain without radiculopathy, when it is 
used in the first 4 weeks of symptoms. Manip­
ulations should not be used in patients with 
neurologic deficits and should not be contin­
ued if a few attempts are unsuccessful. 
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Surgery is almost never indicated in the 
first 6 to 12 weeks, but it should then be 
considered for patients with severe persistent 
sciatica that has not responded to conserva­
tive treatment and when the findings on clini­
cal examination and confirmatory diagnostic 
tests indicate nerve root compromise (28). 
The cauda equina syndrome remains the ex­
ception: it should be addressed surgically 
without unnecessary delay. Simple disc sur­
gery does not prevent return to physically 
demanding jobs. 

PROGNOSIS 

Nonspecific low back pain is a self-limited 
disorder that resolves rapidly in more than 
90% of cases (see Fig. 26-1). Approximately 
40% of the patients recover within 1 week, 
80% within 3 weeks, and 90% within 6 weeks, 
regardless of treatment. The rate of recur­
rence, however, is very high-estimates 
range up to 50% in the year following the 
first episode. A British study indicates that 
the probability of low back pain is almost 
four times greater in people who have had 
previous episodes of low back pain (29). A 
Swedish study found that industrial workers 
who have a first-time episode of low back 
pain have a 28% chance of a new episode 
during the next year (30). 

At the onset of low back pain, it is difficult 
to predict which patients will require longer 
than 6 weeks to recover. Among factors that 
negatively influence recovery are the pres­
ence of leg pain, compensation, older age, a 
specific diagnosis, psychological factors, 
physical work factors, and socioeconomic 
factors. Because the interactions among 
these factors are complex, none of them is a 
particularly useful predictor of chronicity. If 
workers have been off the job for longer than 
6 months, it is estimated that there is only 
a 50% possibility of their ever returning to 
Productive employment; if disabled for 
longer than 1 year, only a 25% chance; and 
2 years, almost none (31). The last decade 
has witnessed the development of compre­
hensive treatment programs that have im­
proved on these data using various types of 

pain treatment and activation programs, but 
the prognosis after long work absence still 
remains poor (32). 

Early return to work is now considered 
an important part of the therapy. However, 
there are many reasons why patients do not 
go back to work. The obstacles to early re­
turn to work include (a) lack of patient moti­
vation, (b) illness behavior, ( c) the problem 
of identifying and providing modified work, 
( d) unwillingness by employers to accept 
workers back unless they are fully recovered 
( despite evidence that accepting a partially 
recovered worker may be less costly and 
more effective in promoting recovery than 
continued disability), ( e) difficulties imposed 
by rigid work rules, (f) inappropriate treat­
ment by practitioners or prolonged use of 
ineffective treatment, and (g) legal advice to 
accept a "lump sum" settlement instead of 
a rehabilitation program designed to return 
the patient to work. The physician should be 
aware of these situations and recognize their 
relative importance in each case of low 
back pain. 

PREVENTION AND CONTROL 

Prevention of work-related low back pain is 
a complex challenge (33,34). Low back pain 
prevention in work settings is best accom­
plished by a combination of measures that 
are listed in Table 26-4. Low back pain can 
be controlled by reducing the probability of 
the initial episode, reducing the severity of 
the symptoms, reducing the length of disabil­
ity, and reducing the chance of recurrence. 

It is estimated that good ergonomic design 
can eliminate up to one-third of cases of com­
pensable low back pain in industry (see 
Chapter 9) (20). Not only can good job de­
sign reduce the probability of initial and re­
curring episodes; it also allows the worker 
with moderate symptoms to stay on the job 
longer and permits the disabled worker to 
return to the job sooner. Good ergonomic 
design reduces the worker's exposure to the 
risk factors of low back pain through the fol­
lowing: 
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TABLE 26-4. Prevention of low back pain 

Job design (ergonomics) 
Mechanical aids 
Optimum work level 
Good workplace layout 
Sit/stand work stations 
Appropriate packaging 

Job placement (selection) 
Careful history 
Thorough physical examination 
No routine radiographs 
Strength testing 
Job-rating programs 

Training and education 
Training workers 

Biomechanics of body movement (safe lifting) 
Strength and fitness 
Back schools 

Training managers 
Response to low back pain 
Early return to work 
Ergonomic principles of job design 

Training labor union representatives 
Early return to work 
Flexible work rules 
Reasonable referrals 

Training health care providers 
Appropriate medication 
Prudent use of radiographs 
Limited bed rest 
Early return to work (with restrictions, if nec­

essary) 

1. Mechanical aids (powered or manual) to 
assist with heavy weights and forces (Figs. 
26-2 and 26-3) 

2. Optimum work level to reduce unneces­
sary bending and stretching (Fig. 26-4) 

3. Good workplace layout to reduce unnec­
essary twisting and reaching (Fig. 26-5) 

4. Sit/stand work stations to reduce pro­
longed sitting and standing 

5. Appropriate packaging to match object 
weights with human capabilities 

6. Good work organization to reduce repeti-
tive high loading and fatigue 

7. Good chairs to support the back properly. 

The National Institute for Occupational 
Safety and Health (NIOSH) has provided 
guidelines for evaluating and designing man­
ual lifting tasks (35,36). Guidelines for other 
manual-handling tasks, such as pushing, pull­
ing, or carrying, have also been developed 
(37). 

FIG. 26-2. Automotive worker at risk of low back 
injury. (Photograph by Earl Dotter.) 

FIG. 26-3. Overhead hoists and lifting attach­
ments. Overhead hoists with specially designed 
lifting attachments to fit the objects being handled 
eliminate the awkward manual handling tasks. 
This C-shaped attachment allows quick and easy 
placement of heavy rolls on a tire-building ma­
chine. (From Liberty Mutual Research Center, 
Hopkinton, Massachusetts.) 
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FIG. 26-4. Scissors lift. Hydraulic scissors lifts 
have a variety of uses in industry to position the 
workpiece so that a minimum of effort must be 
used to perform the operation. They can place 
the workpiece at the proper height to convert 
lifting and lowering tasks to carries or pushes. 
(From Liberty Mutual Research Center.) 

Considerable attention and hope has been 
placed on the use of " lifting belts" as a means 
to reduce back injuries from lifting. Cur­
rently, there are insufficient data on the use 
of these belts to make recommendations on 
a scientific basis. The mechanical effect of 
the belts is unclear, but with respect to spinal 
loading it appears to be minor. Studies sug­
gest that an initial beneficial effect on back 
injury reporting may occur, but the data re­
main preliminary and short-term. As we un­
derstand today, there are no direct negative 
effects of belt use, although long-term effects 
on trunk muscles have been discussed as a 
possible disadvantage (38-40). 

Although job design may be applicable to 
many manufacturing operations, there are 
other jobs that are difficult to design and 
control, such as firefighting, police work, and 
certain construction and delivery operations. 
These jobs require greater dependence on 
preplacement testing and selection of work­
ers (3,32,41). In the past the preemployment 
medical examination was used in many in­
fastries, especially since the enactment of 
.vorkers' compensation laws. The introduc­
ion of the Americans with Disabilities Act 
:hanged this situation. Preemployment ex-

aminations are no longer acceptable, but pre­
placement examinations continue to be used 
to determine whether the worker, once 
hired, is capable of performing a specific 
job. 

Many authorities believe that the medical 
history is the most important part of the med­
ical examination for identifying workers who 
are susceptible to future low back pain (41). 
Use of this information to prevent back pain 
occurrence is difficult, however, because 
back pain is so common and its effect on an 
individual so variable. 

Routine radiographs of the lumbar spine 
have often been part of the preplacement 
medical examination, but the preponderance 
of evidence indicates that the small yield 
does not justify the radiation exposure or 
increased cost. According to guidelines is­
sued by the American College of Occupa­
tional and Environmental Medicine, lumbar 
spine radiologic examinations should not be 
used as a risk assessment procedure for 
back problems. 

FIG. 26-5. Work dispensers are self-leveling de­
vices designed to keep parts at a particular 
height, eliminating the need to bend over to pick 
up or release an item. Models are available that 
use trays or pans or provide for bulk-dispensing 
of small parts. The dispensers are portable and 
may be wheeled from station to station, eliminat­
ing the need to lift, carry, and lower trays and 
individual parts. (From Liberty Mutual Research 
Center.) 
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Several studies have demonstrated the re­
lation between strength or fitness and the 
incidence of low back pain (9,32,42). Studies 
of isometric strength testing have shown that 
the probability of a musculoskeletal disorder 
is up to three times greater when job-lifting 
requirements approach or exceed the work­
er's isometric strength capability (9). A Dan­
ish study revealed that men who experienced 
low back pain for the first time had lower 
isometric endurance of the back muscles 
measured up to 1 year before the episode 
( 42). In women, however, such lower endur­
ance had no predictive value. Although iso­
metric strength testing may be an effective 
selection technique, it should be used only 
for jobs that are difficult to design or control 
and for which a careful ergonomic evaluation 
has been made (3). Strength testing should 
never be used as a substitute for good job 
design. Furthermore, it should be used only 
when the job has been thoroughly analyzed 
so that the test truly reflects the demands of 
the work. Strength testing under a general 
protocol does not appear to be effective in 
preventing back injury reports (14). 

Training and education are the oldest and 
most commonly used approaches for reduc­
ing low back pain in industry (3,32). Safety 
and personnel departments have typically 
used education and training to instruct em­
ployees in proper methods and work proce­
dures. For example, training of workers in 
the biomechanics of safe lifting has been a 
part of safety programs in industry for 
more than 50 years. However, according to 
NIOSH, the value of training programs in 
safe lifting is open to question because there 
have been no controlled studies showing 
consequent decreases in rates of manual­
handling accidents or back injuries (35). A 
major problem is compliance; even after 
training, most workers do not lift correctly 
because it is a more difficult way to lift. 
Greater compliance with training occurs with 
workers who have ( or have had) low back 
pain. Exercises to increase strength and fit­
ness have been a part of low back pain treat­
ment programs for many years, but only re-

cently have strength and fitness programs 
been advocated in industry to reduce or pre­
vent the onset of low back pain. 

The back school is an attempt to educate 
the worker in all aspects of back care; it rep­
resents a much more comprehensive ap­
proach to back care that includes the previ­
ous topics of safe lifting, strength, and 
physical fitness. The original concept of the 
back school was to educate patients who al­
ready had ( or had recently had) low back 
pain-that is, it was a form of treatment. A 
more recent use of the back school has been 
to educate workers on how to prevent low 
back pain. However, no controlled study has 
shown the effectiveness of such a school as 
a preventive tech~ique for workers (33,34). 

Training of managers is as important as 
training of workers, both for primary and for 
tertiary prevention. Long-term disability is 
associated with adversary situations, litiga­
tion, hospitalization, and lack of follow-up 
and concern. Many of these situations can be 
alleviated by training foremen, supervisors, 
and upper-level managers in appropriate re­
sponses to worker complaints of low back 
pain. Also important is providing modified, 
alternative, or part-time work as a means of 
returning the worker to the job as quickly 
as possible. 

A program in which management was 
trained in positive acceptance of reports of 
back pain has been described (43,44). An 
atmosphere was created in which workers 
were encouraged to report all episodes of 
low back pain-even minor episodes-to 
the company clinic. Immediate and conser­
vative in-house treatment, including worker 
education, was provided by the company 
nurse. Attempts were made to keep the 
worker on the job-often with modified du­
ties or a redesigned job. If necessary, refer­
rals were made to the company physician, 
who closely monitored treatment and prog­
ress. Over a 3-year period, annual workers' 
compensation costs for low back pain claims 
were reduced from more than $200,000 to 
less than $20,000. Although this was not a 
controlled study, the results were impressive. 
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In addition to training for managers. ef­
forts to incorporate union leaders into pre­
vention efforts is important. Early return to 
work should be encouraged as an important 
part of the treatment of low back pain. 
Unions can often assist in the recovery of 
their members by allowing early return to 
work through flexible work rules and refer­
rals to clinicians and lawyers who will not 
unnecessarily prolong the disability. 

Company medical personnel should be 
trained in the benefits of early intervention, 
conservative treatment, patient follow-up, 
and job placement techniques. Both physi­
cians and nurses should be familiar with re­
cent literature that objectively evaluates var­
ious types of treatment for low back pain. 
Medical personnel should also become famil­
iar with the physical demands of jobs per­
formed in the company so that they can ade­
quately place both injured workers and 
new employees. 

The effectiveness of a standardized ap-

proach to the diagnosis and treatment of low 
back pain in industry has been demonstrated 
(32,45). This approach was used to monitor 
the course and treatment of low back pain. 
If there was any disagreement between the 
investigators (who were orthopedic sur­
geons) and the treating physician, they dis­
cussed the case together in detail. Usually, 
they reached an agreement; if they did not, 
another physician was consulted for an inde­
pendent opinion. This program dramatically 
decreased the number of low back patients, 
the number of days Jost, and the number of 
patients sent to surgery. 

Although knowledge of low back pain is 
limited, enough is already known to ade­
quately control the problem in industry. In­
stead of waiting for a major medical break­
through to occur, emphasis should be placed 
on applying the knowledge ·that is already 
available. Low back pain control requires the 
combined efforts of workers, managers, 
unions, nurses, physicians, and others. 

Part II. Work-Related Disorders of the Neck 
and Upper Extremity 

Lawrence J. Fine and 
Barbara A. Silverstein 

A 31-year-old, right-handed man had been 
employed in a variety of automobile manu­
facturing jobs for 13 years. Two years ago, 
he switched to a new plant and was assigned 
to a job that required him to manipulate a 
spot-welding machine beneath cars moving 
overhead. He had 1 minute to complete 
four welds on each car. The spot welder, 
which had metal handles, required substan­
tial force for appropriate positioning, and 

it had to be repositioned four times for each 
car. The worker's wrists were in complete 
extension for a substantial portion of the 
job cycle. 

When the worker started on this job, the 
weekday work shift was 9 hours long and 
Saturday work was required in most weeks. 
After 3 weeks on the job, he noted that 
he had pain in both wrists. He also noted 
numbness and tingling in the first four fin-
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gers of his left hand, at first only at night, 
a few nights each week, after he had fallen 
asleep. When he awoke at night with the 
numbness, he would get up and walk 
around shaking his hands; in about 10 mi­
nutes he would be able to go back to sleep. 
Gradually, over the next several months, 
the numbness and pain worsened in both 
frequency and intensity. His left hand 
would feel numb by the end of the work­
shift, and any time he was driving his hands 
would become numb. Because he liked his 
job and did not want to be placed on restric­
tion, which would mean he could not work 
overtime, he decided to visit his private phy­
sician rather than the company physician. 
He also was not sure that the company phy­
sician would be very sympathetic to his 
complaints. 

The physician found on physical exami­
nation that the worker had decreased sensi­
tivity to light touch in the left index and 
middle fingers and a positive Phalen's test 
of the left hand. She suspected carpal tunnel 
syndrome (CTS) and believed that the dis­
order might be work-related because the 
patient was young, male, and had no other 
risk factors, such as diabetes, past history 
of wrist fracture , or recent trauma to the 
wrist. The physician discussed job changes 
with the patient. She also prescribed wrist 
splints to be used at night. 

The splints relieved some of the night­
time numbness for a period. However, over 
the next 6 months, the patient's symptoms 
began to be present all of the time, and he 
thought that his left hand was becoming 
weaker. Similar symptoms also developed 
in his right hand. 

The patient felt he could no longer do 
his job and returned to his physician. She 
referred him to a hand surgeon and ordered 
nerve conduction tests. The tests showed 
slowing of sensory nerve impulse conduc­
tion in the median nerve in the region of 
the carpal tunnel, more so on the right than 
the left. 

One year after the problem was first 
noted, the worker had surgery, first on the 
left hand and then on the right. After sur­
gery, the company placed him in a transi­
tional work center for a 3-month period, 
where he worked at his own pace and had 
no symptoms. He then returned to the as­
sembly line with the restriction that he not 
use welding guns or air-powered hand tools. 
When he worked on the line, he occasion­
ally had symptoms. but they were substan­
tially less intense and less frequent than 
before. 

He later transferred to a warehouse, be­
cause he felt that he would have a better 
chance of avoiding long layoffs there. His 
job required use of a stapling gun to seal 
packages. Three weeks after beginning this 
job, his symptoms began to return with their 
former intensity. Through ordinary chan­
nels, he immediately sought and was given 
a transfer to a position driving a fork lift 
truck. This change reduced, but did not 
eliminate, his symptoms. Currently, he has 
numbness, tingling, and pain in the fingers 
of both hands about twice a month. Playing 
volleyball usually triggers a severe attack. 
With the use of nighttime splints, he can 
sleep through most nights without awaken­
ing. Although he believes that his hands are 
weaker than before the symptoms devel­
oped, he still is able to perform his job. He 
has decided that he will continue working 
as long as the symptoms remain at no more 
than the present level. 

This case illustrates the intermittent and 
progressive nature of most work-related dis­
orders of the upper extremity, and particu­
larly of carpal tunnel syndrome (CTS) (46), 
the best known of the common work-related 
disorders of the upper extremity. Other ex­
amples of these disorders that may be related 
to work include de Quervain's disease (47), 
epicondylitis, shoulder supraspinatus tendi­
nitis ( 48,49), and tension neck syndrome 
(50). This family of disorders may involve 
muscles (tension neck syndrome), tendons 
(supraspinatus), joints (degenerative joint 
disease), skin (calluses), nerves (CTS), or 
blood vessels (hand-arm vibration syn­
drome, or Raynaud's phenomenon of occu­
pational origin). (See appendix to this chap­
ter.) (51 ,52) 

MAGNITUDE AND COST 
OF THE PROBLEM 

The only national source of data about the 
magnitude of work-related musculoskeletal 
disorders is the Bureau of Labor Statistics 
(BLS) Annual Survey of Occupational Injur­
ies and Illnesses (53). This is a federal/state 
program in which employer reports are col­
lected from about 165,000 private industry 
establishments. The survey excludes the self-
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employed, farms with fewer than 11 employ­
ees, private households, and employees in 
all governmental agencies. Each episode is 
classified as an illness or injury. 

Illnesses or injuries that result in days away 
from work are classified on several bases, 
including (a) the associated events or expo­
sures, such as a fall or overexertion; (b) the 
nature of the injury or illness, such as sprain, 
strain, or CTS; and (c) the source of injury 
or illness, such as machinery, worker motion, 
or worker position. Some of these categories 
probably represent illnesses and injuries 
:aused by physical stressors at work, such as 
repetitive movements of the hands or lifting 
)f objects. Decisions about the event or ex­
)Osure that results in injury or illness are 
,ased on the validity of the employer's de­
:cription of the associated events and deci­
:ions made by the coder and therefore should 
tot be considered scientific causal infer­
:nces. Because the survey is confidential, 
vhich promotes accurate recording by em­
iloyers, it is useful for identifying surveil­
mce associations. A worker's or employer's 
ecision to report may be influenced by per­
onal, cultural, administrative, peer pressure, 
r economic factors (54). The accuracy of the 
11rvey depends on the interplay of complex 
1ctors, making it difficult to interpret time 
·ends. The rate of illnesses or injuries that 
!suit in days away from work has declined 
>r 7 consecutive years. This trend has oc­
med among most types of injuries and ill­
!Sses, including musculoskeletal disorders. 
The BLS survey also tracks the number of 
tses of certain illnesses and injuries. Be­
reen 1992 and 1996, injuries and illnesses 
suiting in days away from work declined 
>out 20%, and the number of CTS cases 
opped slightly more than 10% (to 29,900 
ses) over the same period. The decrease 
1s less for amputations and fractures . Some 
the decline in the overall trend for cases 
th days away from work may be explained 

a modest increase in the rate of cases 
rolving work restrictions ( e.g., shortened 
urs, no heavy lifting). There is little evi­
nce that underreporting has increased. No 
.gle factor explains the reduction. How-

ever, increases in health and safety activities 
by private-sector firms, brought about after 
increases in workers' compensation costs and 
changes in Occupational Safety and Health 
Administration (OSHA) activities, may have 
contributed to these declines (54). 

All disorders and injuries involving lost 
time identified in the annual BLS survey are 
classified based on the following question: 
What was the employee doing just before 
the incident occurred? Repetitive motion is 
one of the many narrowly-defined categories 
that trained survey coders record based on 
the employer's response to this question. 
Cases are classified as resulting from repeti­
tive motion if a bodily motion such as typing 
or key entry, repetitive use of tools, or re­
peated grasping of objects other than tools 
is considered by the coder to be related to 
the illness or injury. Another event category 
that is relevant to estimating the number of 
work-related musculoskeletal disorders is 
overexertion, as in maneuvering especially 
heavy or bulky objects, such as cartons of 
soft drinks. In 1996, the BLS survey reported 
that about 74,000 (3.9%) of the almost 
1,900,000 cases were coded as being associ­
ated with repetitive motion, most commonly 
in the upper extremities (shoulder, hand, and 
wrist) (53,55). In comparison, 311 ,900 cases 
(16.6%) were coded as being associated with 
overexertion in lifting, pulling, pushing, or 
other activities; approximately two-thirds of 
these were back injury cases. The survey also 
collects information on the duration of ab­
sences from work. For all cases, the median is 
5 days; for CTS cases, it is 25 days. Although 
these numbers do suggest that back injuries 
caused by lifting and other manual-handling 
activities are a larger problem, upper-ex­
tremity disorders and injuries are clearly ma­
jor problems. In 1994, there were about 
48,000 cases of shoulder injury associated 
with overexertion from lifting, carrying, pull­
ing, or pushing objects, and about 51,000 
wrist cases were associated with repetitive 
motion (55). 

The BLS data not only provide informa­
tion on the magnitude of the work-related 
musculoskeletal problem, but they also can 
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be useful in identifying industries that con­
tain many jobs with higher levels of exposure 
to repetitive tasks and manual-handling ac­
tivities (55). In 1994, several industries had 
rates of overexertion disorders that were sig­
nificantly higher-more than three times 
higher than the average rate for private in­
dustry (7.6 cases per 1,000 workers). These 
include nursing and personal care facilities; 
scheduled air transportation; manufacturers 
of travel trailers and campers, food products 
machinery, soft drinks, and mattresses; 
wholesaling of alcoholic beverages; and coal 
mining. Similarly, several industries had sig­
nificantly increased rates of injuries and dis­
orders associated with repetitive motion­
more than seven times higher than the 
average rate for all private industry (1.2 cases 
per 1,000 workers). These industries include 
a number of clothing manufacturing sectors 
(e.g., knit underwear mills, male work­
clothes) and other manufacturing industries, 
including potato chips, motor vehicles, and 
meat-packing plants. More than 3.5 million 
workers were employed in these high-risk 
industries, but not all of them were in high­
exposure jobs. However, other industries, 
such as trucking and courier services, with 
more than 1.6 million workers, had rates of 
overexertion disorders that were almost 
three times higher than the average rate for 
all private industries. 

The BLS survey, like most surveillance 
data systems, has some degree of misclassifi­
cation or error in the information on expo­
sure and health outcomes. Nevertheless, in­
dustries with consistently increased rates are 
likely to contain a substantial number of 
high-risk jobs. Overexertion in lifting, other 
types of overexertion, and repetitive motion 
were associated in 1996 with about 600,000 
illnesses and injuries, most involving the 
back or upper limbs. 

More information about the prevalence of 
some specific disorders of the upper extrem­
ity and the costs of these disorders is pro­
vided by workers' compensation data from 
Washington State (56). Workers' compensa­
tion data for 1989 to 1996 were used to iden-

tify all the accepted musculoskeletal claims· 
these claims were categorized specuicall; 
(rotator cuff syndrome, epicondylitis, CTS 
and sciatica), based on physician diagnoses'. 
Other, Jess specific musculoskeletal disor­
ders of the upper extremity and back were 
also identified. An effort was made to deter­
mine whether the onset was acute ( e.g., after 
a fall) or gradual. Gradual-onset disorders 
represented 67% of the back claims, and 36% 
of the upper-extremity claims. The claims 
incidence rate for gradual-onset back dis­
orders was 16 per 1,000 workers, and for 
gradual-onset upper-extremity problems it 
was 9 per 1,000. The claims incidence rates 
for the specific disorders of the upper limb 
were approximately 2 per 1,000 workers for 
rotator cuff syndrome, 1 per 1,000 for epi­
condylitis, and 3 per 1,000 for CTS. The 
percentage of all claims that were for muscu­
loskeletal disorders remained constant over 
the 8-year period. The rates from these data 
are higher than those from the BLS data, 
suggesting some degree of underreporting in 
the latter program. Workers in industries 
with widespread manual-handling tasks, such 
as nursing homes, several construction 
activities, and garbage collection, had the 
highest incidence rates for back and shoulder 
disorders. Workers in industries with highly 
repetitive work, such as wood product man­
ufacturing or fruit and vegetable packing, 
were at highest risk for CTS and epicondylitis. 
One group of workers who appeared to be at 
increased risk were those in the rapidly grow­
ing temporary-help industry. The data sug­
gest that these workers are being placed in 
high-risk jobs. 

Overall, the three specific diagnoses for 
upper limb disorders accounted for about 
one-third of upper-extremity injuries and ill­
nesses. The Washington State data suggest 
that, in addition to CTS, both epicondylitis 
and particularly rotator cuff injuries are also 
common disorders that deserve more study 
and greater efforts at prevention. This find­
ing underlines the conclusion that, although 
back disorders are more common than upper 
limb disorders, work-related upper limb dis-
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orders are often serious enough to result in 
workers' compensation claims-in about 1 
of every 100 workers per year. 

The Washington State data also allow the 
development of a national estimate of the 
cost of gradual-onset disorders of the back 
and upper extremity. For the 96 million 
workers in the United States covered by 
OSHA, the estimated direct cost for gradual­
onset back disorders ranges from $1 to $17 
billion, depending on whether one uses the 
average or the median cost for each Wash­
ington State claim. For upper-extremity dis­
orders, the range is from $291 million to $6. 7 
billion (56). These figures do not consider 
the indirect costs to employers for lost pro­
ductivity or training of replacement work­
ers-nor do they consider the costs to work­
ers and their families that are not covered 
by workers' compensation. 

Although the precise cost and prevalence 
of work-related musculoskeletal disorders of 
the upper extremity is unknown, they are 
among the most common occupational disor­
ders. Typical annual incidence rates for CTS, 
epicondylitis, and rotator cuff syndrome in 
workplaces with an average level of risk 
should be less than 1 per 100 workers. Both 
the Washington State and BLS data show an 
overall decline for all illnesses and injuries 
and a trend toward a higher proportion of 
workers with injuries and disorders . re­
maining on the job. The overall decline re­
sults from the interplay of several factors, 
such as changes in the nature of work and 
more effective prevention efforts. The trend 
for more affected workers to be able to re­
main on the job may have resulted from ei­
ther changes in treatment or greater use of 
Work restrictions and alternative work place­
ments (54). 

Pathophysiology 

Clinical, laboratory, and epidemiologic stud­
ies all have contributed to the current under­
standing of the pathophysiology of work-re­
lated musculoskeletal disorders of the upper 
!Xtremity and neck. 

Although the current level of knowledge 
is incomplete, it nevertheless guides both 
treatment and preventive strategies. Five 
workplace physical factors are important in 
the etiology of these disorders: repetitive 
motions, forceful motions, mechanical 
stresses, static or awkward postures, and lo­
cal vibration (Fig. 26-6). The effects of these 
physical load factors probably can be exacer­
bated by workplace psychosocial factors, 
such as the perception of intense workloads, 
monotonous work, and low levels of social 
support at work (55). In assessing the role of 
workplace factors, it is important to consider 
the duration, frequency, and intensity of the 
individual and combined factors. 

Repetition and Force 

Repetitive motions of the hands, wrists, 
shoulders, and neck commonly occur in the 
workplace. A data-entry operator may per­
form 20,000 keystrokes per hour; a worker in 
a meat-processing plant may perform 12,000 
knife-cuts per day; and a worker on an as­
sembly line may elevate the right shoulder 
above the level of the acromion 7,500 times 
per day. Such repetitive motions may eventu­
ally exceed the ability of the individual to 
recover from the stress, especially if forceful 
contractions of muscles are involved in the 
repetitive motions. 

Repetitive 
motions 

' 
Static or 

Forceful Mechanical awkward 
motions stresses postures 

\ t I 
Inflammation of tendons, 
insertions, and joints 
Nerve compression 

I t \ 
Pain Impairment Physical 

damage 

Local 
vibration 

/ 

FIG. 26-6. Schematic representation of patho­
physiology of work-related disorders of the 
upper extremity and neck. 
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Failure to recover usually implies some 
type of tissue damage or dysfunction (" tissue 
reaction to injury"), which may represent 
acute inflammation and may be totally re­
versible. Tissue damage may even lead, over 
time, to improved function-a "training ef­
fect." Acute damage to muscle from overex­
ertion often leads to muscle hypertrophy. In 
work-related musculoskeletal disorders, the 
sites of likely tissue damage are most com­
monly tendons, tendon sheaths, and tendon 
attachments to bones, bursae, and joints. It is 
probable that, over time, these tissue changes 
can in some cases lead to nerve compression 
(CTS), chronic fibrous reaction in the ten­
don, tendon rupture (rotator cuff injury), cal­
cium deposits, or fibrous nodule formations 
in a tendon, leading to a trigger finger (57). 

Abrupt increases in the number of repeti­
tive motions performed by a worker each 
day are well recognized clinically as a cause 
of tendinitis (58). Too many forceful contrac­
tions of muscles can cause corresponding 
tendons to stretch, compressing the micro­
structures of the tendons and leading to isch­
emia, microscopic tears in tendons, progres­
sive lengthening, and sliding of tendon fibers 
through the ground substance matrix. All of 
these events can cause acute inflammation 
of tendons. The process by which these acute 
changes evolve over time to the more com­
mon chronic picture of damage, such as that 
observed during carpal tunnel surgery (59), 
is not well understood. Both laboratory and 
epidemiologic studies have provided sub­
stantial evidence that high levels of exposure 
to the combination of repetitive and forceful 
movements is strongly associated with sev­
eral musculoskeletal disorders of the upper 
extremity (55.60). 

An important but inadequately investi­
gated question is whether the repetitive 
stresses to the joints of upper limbs that occur 
in some occupations lead to accelerated de­
velopment of localized osteoarthrosis. Be­
cause localized osteoarthrosis is not a specific 
disease but the final common pathway of bio­
mechanical and pathologic changes in carti­
lage, subchondral bone, and bone sur-

rounding joints, it is reasonable to assume 
that repetitive stresses accelerate its develop­
ment (51). 

Repetitiveness has a number of compo­
nents to be considered, including the velocity 
and acceleration of movement and the 
amount of recovery time within any repeti­
tive cycle or task. 

Posture, Stress, and Vibration 

In addition to repetitive and forceful mo­
tions, three other exposure variables that in­
fluence the development of work-related 
musculoskeletal disorders are external me­
chanical stress, work performed in awkward 
or static postures, and segmental (local­
ized) vibration. 

Mechanical stress in tendons results from 
muscle contractions or from compression of 
a tendon or other tissues by contact between 
the body and another object. One of the ma­
jor determinants of the level of the mechani­
cal stress is the force of the muscle contrac­
tions. For example, a pinch that is very 
forceful is more stressful than one that is not 
very forceful. Another source of mechanical 
stress results from work surfaces or hand­
held tools with hard, sharp edges or the ends 
of short handles that press on soft tissues. 
The tool exerts just as much force on the 
hand as the hand does on the tool. These 
stresses can lead, for example, to neuritis 
associated with the forceful contact between 
the edge of scissors handles or bowling ball 
holes with the sides of the fingers or thumb, 
and to cubital tunnel syndrome in microsco­
pists who must position their elbows on a 
hard surface for long periods. Short-handled 
tools (e.g. , needle-nosed pliers) that dig into 
the base of the palm exert as much force 
on the hand, particularly on the superficial 
branches of the median nerve, as the hand 
does on the tool. 

Work performed in awkward or static pos­
tures is another important influence on the 
development of work-related musculoskele­
tal disorders. The level of mechanical stress 
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produced by a muscle contraction varies with 
the posture of a joint. For example, the 
amount of force that can be exerted in a 
power grip is greatly reduced as the wrist 
moves from a neutral to a flexed position. 
Work with the arm elevated more than 60 
degrees from the trunk is more stressful for 
the rotator cuff tendons than work per­
formed with the arm at the trunk. Work per­
formed in static postures that requires pro­
longed, low-level muscle contractions of the 
upper limb or trapezius muscle may also trig­
ger chronic localized pain by an unknown 
mechanism (perhaps decreased blood flow 
to the muscle). 

Segmental vibration is transmitted to the 
upper extremity from impact tools, power 
tools, and bench-mounted buffers and grind­
ers. The mechanism by which localized vibra­
tion from power tools contributes to the 
development of work-related Raynaud's 
phenomenon is not clear. Nevertheless, this 
syndrome has been associated with several 
types of power tools, including chain saws, 
rock drillers, chipping hammers, and grind­
ing tools. 

Most of the effects thus far described cen­
ter on the tendon structures. The chronic 
effects of repetition and other risk factors on 
muscles are not as well understood as the 
effects on tendons. Chronic or intermittent 
pain originating in muscles may be important 
in understanding several disorders, including 
tension neck syndrome ( costoscapular syn­
drome) and overuse injuries in musicians 
(61). Two types of muscle activity may be 
important in work-related disorders: low 
force with prolonged muscle contractions 
(e.g., moderate neck flexion while working 
on a video display terminal for several hours 
without rest breaks) and infrequent or fre­
quent high-force muscle contractions ( e.g. , 
intermittent use of heavy tools in overhead 
Work). Sustained static contractions can lead 
to increases in intramuscular pressure, which 
in tum may impair blood flow to cells within 
the muscle. 

Motor nerve control of the working muscle 
tnay be important in sustained static contrac-

tions, because even if the relative load on 
the muscle as a whole is low, the active part 
of the muscle can be working close to its 
maximal capacity. Therefore, small areas of 
large muscles, such as the trapezius, may 
have disturbances in microcirculation that 
contribute to or cause the development of 
muscle damage (red ragged fibers) , reduc­
tion of strength, higher levels of fatigue, and 
sensitization of pain receptors in the muscle 
leading to pain at rest (62). High levels of 
tension (strong contractions) can lead to 
muscle fiber Z-line rupture, muscle pain, and 
large delayed increases in serum creatine ki­
nase. If not prolonged, these changes are re­
versible and completely repaired, often mak­
ing the muscle stronger. 

It is hypothesized that if damage occurs 
daily from work activity, the muscle may not 
be able to repair the damage as fast as it 
occurs, leading to chronic muscle damage or 
dysfunction. The mechanism of this damage 
at the cellular level is not fully understood. 
Work activities that lead to sustained rela­
tively low-level muscle activity or higher­
level muscular contractions may be a causal 
factor in some work-related musculoskele­
tal disorders. 

Nonoccupational Factors 

In addition to occupational risk factors or 
exposures such as repetitive work, personal 
risk factors may influence the risk of devel­
oping these work-related disorders. For ex­
ample, forceful repetitive activities, such as 
wrist extension, can occur in some recre­
ational activities and contribute to the devel­
opment of work-related disorders; however, 
factors related to some specific disorders, 
such as rotator cuff tendinitis, have not been 
adequately studied. 

The nonoccupational factors for CTS that 
have been most thoroughly studied include 
coexisting medical conditions such as rheu­
matoid arthritis, diabetes mellitus, preg­
nancy, and acute trauma, especially after a 
Calles' fracture of the wrist. Additional pos-
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sible nonoccupational risk factors are age, 
gender, obesity, and carpal tunnel size or 
shape. Carpal canal size, either small or 
large, has been proposed as a risk factor 
based on limited evidence (63). For nonoccu­
pational CTS, men have increasing risk with 
age; in women, the risk peaks at approxi­
mately 50 years of age (64). Both men and 
women may experience occupationally­
related CTS at an earlier age (65). Although 
most clinic- or community-based studies re­
port three times as many CTS cases among 
women as among men, studies from work­
places have not tended to observe so large a 
gender difference. In a study of occupational 
CTS in Washington State, based on workers' 
compensation data, the female-male ratio 
was 1.2:1 (65). Several studies have identified 
obesity as an independent risk factor (66,67). 
Both pregnancy and cigarette smoking have 
been also identified as risk factors (68,69). 
Few, if any, personal factors are useful and 
strong predictors of susceptibility to work­
related disorders of the upper extremity. 

Psychosocial Factors 

In addition to the physical factors described, 
psychosocial factors may be important in 
both the initial development of these disor­
ders and the subsequent long-term disability 
that sometimes occurs (see Chapter 21). Few 
studies have rigorously investigated both 
psychosocial and physical factors or their 
combined effects (56,60,70). In the future , 
this type of study is likely to become more 
common. At least one such study has been 
done on low back pain; it found that specific 
aspects of the physical and psychosocial de­
mands of work were strong and independent 
predictors of low back pain, after adjusting 
for individual factors (71). In a study of alu­
minum smelter workers, both forearm rota­
tion and low degree of latitude in decision 
making were associated with shoulder and 
elbow disorders in carbonsetters (72). 

Psychosocial factors relate to the way in 
which work is organized. The effects of psy­
chosocial factors may operate indirectly by 

altering muscle tension or other physiologic 
processes and, through the latter, may also 
influence the perception of pain (73). Psy­
chological factors may be particularly impor­
tant in determining whether specific muscu­
loskeletal disorders evolve into chronic pain 
syndromes. Overall, psychosocial factors ap­
pear to be more important in disorders of the 
neck and shoulder muscles than in tendon­
related disorders of the forearm and the hand 
(55). Epidemiologic studies of upper-extrem­
ity disorders suggest that the perception of 
an intense or stressful workload, monoto­
nous work, and low levels of social support 
at work increase the risk of upper limb disor­
ders (55). Different studies use a variety of 
measures to define intense or stressful work­
loads, such as lack of control over how work 
is done, perceived time pressure, deadlines, 
work pressure, or workload variability (55). 
The causal role of psychosocial factors prob­
ably is not limited to particular jobs, such as 
the use of computers in the office setting. 

Studies that have addressed psychosocial 
factors have often used the demand-control­
support model originally introduced by Kar­
asek and Theorell (73). In this model, high 
levels of psychological job demands may con­
tribute to the development of work-related 
musculoskeletal disorders when they occur 
in an occupational setting in which the 
worker has little ability to decide what to do 
or how to do a particular job task and little 
opportunity to use or develop job skills. Fur­
ther, these adverse effects are hypothesized 
to occur more frequently in a work environ­
ment in which there is little social support 
from coworkers or supervisors. Nonoccupa­
tional psychosocial factors could also be im­
portant. Further studies are needed to better 
understand the complex interactions among 
physical occupational factors and occupa­
tional psychosocial factors . 

A model has been developed to incorpo­
rate both physical and psychosocial factors 
in the development of work-related musculo­
skeletal disorders (Fig. 26-7) (74). Exposures 
may be either to physical work factors or to 
psychosocial factors. Dose also may be either 
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FIG. 26·7. The proposed model contain sets of 
cascading exposure, dose, capacity, and re­
sponse variables, such that the response at one 
level can act as a dose at the next level. In addi­
tion, the response to one or more doses can 
diminish (impairment) or increase (adaptation) 
the capacity for responding to successive doses. 

physiologically or psychologically defined. 
Capacity may physiologically defined ( e.g., 
strength of a specific tendon) or psychologi­
cally defined (e.g., level of self-esteem). The 
internal processes resulting from a specific 
dose could occur in the spinal neural circuits 
or in the muscles of the forearm. 

In summary, excessive repetitive or force­
ful motions, high levels of mechanical stress, 
work in static or awkward postures, and the 
use of vibrating power tools can-either sin­
gularly or, more often, in combination­
increase the risk of upper-extremity disor­
ders and cause inflammation and chronic 
localized pain in the upper limb and neck. 
Precise dose-response relations have not 
been developed for these risk factors, and 
the precise role of the psychosocial factors 
needs to be further elucidated. At present, 
it appears that when the exposure to several 
physical factors is high, then the risk of these 
disorders is substantially increased. When 
the level of exposure to physical factors is 
more moderate, then the overall level of risk 
may appear to depend more on the combina­
tion of personal attributes, physical factors, 
and psychosocial factors. As with many occu­
pational exposures, the risk is influenced also 
by nonoccupational factors (55,60). 

DIAGNOSIS 

This broad group of work-related disorders 
of the neck and upper extremity has a diverse 
set of symptoms and physical findings. The 
evaluation of a patient for a suspected work­
related disorder should have three major 
components: obtaining a history of present 
illness from the worker, performing a physi­
cal examination of the upper extremity and 
the neck, and assessing the work setting and 
tasks (75,76). 

The history of the present illness should 
fully characterize the symptoms by determin­
ing the location, radiation, duration, evolu­
tion, time patterns, and exacerbating factors. 
The worker's description of work activities 
is useful. The worker should describe the 
nature of specific work tasks by risk factors 
(forceful exertions, repetitive activities, and 
other adverse exposures). For example, a 
worker who for 8 hours a day uses a vibrating 
hand tool to perform a task that is repeated 
every 30 seconds may be at high risk for wrist 
tendonitis or CTS. Similarly, a repetitive job 
that requires the arms to be held overhead 
during most of the work shift may increase 
the risk of a rotator cuff shoulder tendinitis. 
Because specific job tasks can vary within 
even a high-risk occupation, a careful history 
of specific job tasks is important. 

When a worker who has been performing 
the same job for a considerable period devel­
ops a disorder, the history should be directed 
not only at the chronic stable exposures, but 
also at acute factors. For example, if the 
worker uses a power screwdriver, perhaps 
the symptoms started when screws from a 
"bad" batch were used, requiring more force 
for proper insertion. Other common acute 
risk factors are changes in work pace or 
length (longer or more frequent overtime, 
either by lengthening of the normal workday 
or by decreasing the number of days off); 
such changes may reduce the opportunity for 
recovery from fatigue and occult injury. 

Despite the conscientious efforts of the 
employee and careful interviewing by the 
physician, description of work tasks may not 
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be sufficient. In general, direct observation of 
the work process provides the most accurate 
view of the risk factors associated with spe­
cific job tasks. In addition to visiting the 
workplace, review of representative video­
tapes of job tasks, written descriptions of job 
tasks based on industrial engineering data, 
and results of ergonomic job analyses can all 
provide helpful information. Although direct 
observation of the work is often required to 
determine more precisely the level of risk 
factor exposure in specific job tasks, descrip­
tions by workers may identify many high­
risk exposures with sufficient accuracy for a 
correct diagnosis. 

Determining whether the patient has a pre­
disposing medical condition (e.g., previous 
injury to the symptomatic area) is also 
important. In a study of all cases of CTS in 
Rochester, Minnesota, from 1961 through 
1980, the following conditions were associ­
ated with CTS in more than 4% of the cases: 
Cotles' fracture , other acute trauma, collagen 
vascular disease , arthritis of the wrist includ­
ing rheumatoid arthritis, hormonal agents or 
oophorectomy, diabetes mellitus, and preg­
nancy ( 68). Nonoccupational exposure to risk 
factors can be a potential confounding influ­
ence and should be elicited during the worker 
interview. For these nonoccupational expo­
sures to be significant as causal factors, they 
must be similar in intensity and frequency to 
the known occupational exposures. 

Surveillance and epidemiologic studies 
have identified several industries and occu­
pations associated with risks of CTS or other 
upper-extremity disorders. Awareness of 
these findings can alert physicians to the in­
dustries and occupations in which adverse 
exposures are more common. A few illustra­
tive examples are listed in Table 26-5. 

Finally, clinical experience, surveillance, 
and epidemiologic research suggest that 
many jobs with substantial exposure may ad­
versely affect closely related muscles, ten­
dons, or joints at the same time. As a result, 
workers in these high-risk jobs may present 
with any of several disorders, such as CTS 
and de Quervain's disease or epicondylitis. 

The physical examination is an important 
part of evaluation of the patient with work­
related musculoskeletal disorders. An exam­
ination of the upper extremity typically in­
volves inspection, palpation, assessment of 
the range of motion, and evaluation of pe­
ripheral nerve function. 

One of the main objectives of the physical 
examination is to determine the precise 
structure or structures in the upper extremity 
that are the anatomic source of the symp­
toms. Numbness and paresthesias often re­
sult from peripheral nerve compression, but 
there are many other reasons why there 
might be numbness and tingling in the fin­
gers. Increased pain on resisted movements 
( e.g., resisted wrist extension) often results 
from lesions in a tendon or at the insertion 
of a tendon. In some cases, it is not possible 
to determine the precise source of the pain 
in the upper extremity; in others it is possible 
to determine the specific disorder that is pres­
ent ( e.g., CTS, de Quervain 's stenosing teno­
synovitis ). The severity of these disorders 
ranges from very mild, with no significant im­
pairment of the ability to work, to very severe. 
The symptoms and physical signs of several 
of these disorders are described in the appen­
dix to this chapter (77-80). 

In addition to the disorders with specific 
findings on physical examination, workers in 
certain occupations ( e.g., keyboard opera­
tors, musicians, newspaper reporters) often 
have an increased rate of complaints of pain 
in the upper extremity or neck. These symp­
toms are similar to those of low back pain 
because a specific anatomic source of the 
pain often cannot readily be identified on 
clinical evaluation. As with low back pain, 
these pains are common. often intermittent 
in nature, and sometimes lead to substantial 
disability and impairment (61). 

The diagnosis of a work-related musculo­
skeletal disorder is based on a three-step pro­
cess. First is the determination of whether 
the patient has a specific disorder, such as 
flexor tendinitis of the forearm. This is usu­
ally based on the history and physical exami­
nation. 
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TABLE 26-5. Illustrative examples of industries and occupations with high-risk job tasks 

Occupations and industries 

Occupations 
Seafood packers 
Carpenters 
Invasive cardiologists (removal of intraaortic balloons) 
Metal platers 
Sausage makers 
Rock blasters 
Dentists 
Data-entry operators 
Instrumental musicians 

Industries 
Mamifacture of knit underwear, hats, bras, girdles, 

house slippers, men's and boys' workclothes 
Manufacture of potato chips 
Automobile manufacturing 
Meatpacking plants 
Temporary help, assembly 
Seafood canneries 
Meat and poultry dealer, wholesale 
Wallboard installation 
Roofing 
Temp help assembly 
Wallboard installation 
Fence erection 
Temporary help, assembly 
Glass installation 
Garbage installation 

Second, there should be evidence from a 
detailed occupational history, or, better yet, 
from direct observation of the workplace, of 
mbstantial exposure to specific occupational 
risk factors . Analysis of health surveillance 
jata, such as OSHA logs or workers' com­
)ensation records from the specific work­
)lace, may be particularly helpful in con­
irming that a particular job is associated with 
ln increased risk of a work-related musculo­
:keletal disorder. Some employers, to facili­
ate return-to-work evaluations, now pro-
1ide physicians with a videotape of the job 
hat the worker normally performs. This may 
>e useful in determining the approximate 
eve) of exposure. 

Third, nonoccupational causes should be 
onsidered as possible primary causal factors 
1r as extenuating factors based on the history 
nd physical examination. Review and ana-

Disorders (Ref) 

Carpal tunnel syndrome (21) ,, ,, ,, 

Carpal tunnel syndrome (32, 77) 
Carpal tunnel syndrome (19) 
Epicondylitis (3) 
Shoulder tendinitis (4) 
Cervical spondylosis (5) 
Tension neck syndrome (5) 
Focal dystonias (16) 

Disorders associated with repetitive mo· 
lion (11) 

" 

Hand/wrist disorders, gradual-onset ( 12) 
,, ,, " 

Elbow disorders, gradual-onset (12) 

Shoulder disorders, gradual-onset (12) ,, ,, 

Iycsis of surveillance and epidemiologic data 
of similar work may provide information on 
the relative contributions of occupational 
and nonoccupational factors in the causation 
of a specific work-related musculoskeletal 
disorder in the patient's selected occupation 
and industry (see Table 26-5). With the ex­
ception of tests for abnormalities in nerve 
conduction, elaborate diagnostic or labora­
tory studies often are not necessary unless 
the patient has a history of trauma or symp­
toms suggestive of underlying systemic dis­
ease or fails to improve with conservative 
treatment. 

The most difficult part of the diagnosis 
of work-related musculoskeletal disorder is 
determination of the relative contribution of 
occupational factors in the etiology of the 
disorder. As with other diagnostic evalua­
tions of work-relatedness. the critical ques-
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tion is: Was the exposure of sufficient inten­
sity, frequency, and duration to have caused 
the injury or illness? Because intense periods 
of high exposure as short as weeks in dura­
tion can cause lateral epicondylitis or other 
work-related musculoskeletal disorders, at­
tention should be directed to estimating the 
intensity and frequency of exposure. It is not 
uncommon for there to be exposure to multi­
ple risk factors at the same time-for exam­
ple, repetitive and forceful exertions of the 
hands, shoulder abduction, and exposure to 
vibration from hand tools. There are no sim­
ple rules for assessing whether exposures has 
been of sufficient intensity and frequency to 
cause a disorder. 

One study of CTS was based on patients 
referred for an independent medical exami­
nation for both diagnostic evaluation and de­
termination of work-relatedness. The inves­
tigators used typical workers' compensation 
criteria and a standardized approach to as­
sess exposure (frequently based on plant vis­
its or reviews of videotapes). Approximately 
60% of the confirmed cases of CTS were 
found to be work-related (80). Fifteen per­
cent of the patients were found to have not 
CTS but rather a different work-related dis­
order of the upper limb, such as localized 
muscle "fatigue/myalgias." An additional 
21 % had non-work-related disorders. This 
study emphasizes the need for thorough di­
agnostic evaluation to identify the specific 
disorder and to assess exposure as carefully 
as possible. 

TREATMENT AND PROGNOSIS 

The goals of treatment are elimination or 
reduction in symptoms and impairment and 
return of the employee to work under condi­
tions that will protect his or her health. These 
goals can be most easily achieved by early 
and conservative treatment. Treatment 
of work-related musculoskeletal disorders 
early in the course has several advantages: 
such treatment is less difficult and less costly, 
surgical procedures can be avoided, periods 
of absence from work or stressful exposures 

are shorter, and the effectiveness of treat­
ment is greater (50,81). 

The initial goals of treatment are to limit 
further tissue damage, dysfunction, and in­
flammation (if present) and to assist the 
repair of any tissue damage. Symptomatic 
relief is provided by the use of antiinflamma­
tory medications, rest (sometimes facilitated 
by splints), and application of heat or cold. 
Physical therapy techniques are used to assist 
in symptom relief, to ensure normal joint 
motion (stretching), and to recondition mus­
cles after periods of rest or reduced use. If 
these more conservative measures fail to re­
duce symptoms and impairment for some 
conditions such as CTS, steroid injections or 
surgical treatments can be helpful (75,82,83). 
Surgery, even in CTS, may be ineffective if 
the worker is returned to the old job without 
an effort to reduce the occupational expo­
sures that were present. Because few scien­
tifically valid studies have evaluated the long­
term effectiveness of the treatment of work­
related musculoskeletal disorders of the limb 
and neck, an empiric approach is indicated 
(83). 

Resting of the symptomatic part of the 
upper extremity is the most important part 
of the treatment program. Reducing or elimi­
nating worker exposure to the known risk 
factors can achieve this. In addition to engi­
neering changes, restricted duty, job rota­
tion, or temporary transfer may be effective. 
In order for job transfer or rotation to be 
effective, the new job duties must result in 
a net reduction in the level of exposure. It 
is often necessary to conduct an evaluation 
of the new duties to determine whether a 
reduction in exposure will occur. The magni­
tude of reduction required to facilitate recov­
ery often is not known. In general, the more 
severe the disorder, the greater the reduction 
in magnitude and duration that will be re­
quired. Because of the adverse consequences 
of complete removal from the work environ­
ment, this step should be taken only in severe 
cases or after less drastic measures have 
failed. 

Splints and other immobilization devices 
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may provide rest to the symptomatic region. 
However, they may increase the level of ex­
posure if the worker must resist the device 
in order to carry out regular job tasks ( e.g. , 
frequent wrist flexion while wearing neutral­
position wrist splints for CTS). Workers may 
also adapt to wearing a splint by altering 
their work activities in a way that leads to 
substantial stress on another region of the 
upper extremity, such as the elbow or shoul­
der. Immobilization or prolonged rest may 
have direct adverse effects if either leads to 
muscle atrophy. As a result, careful monitor­
ing of the worker who is on restricted duty or 
job transfer or is wearing an immobilization 
device is indicated. In addition, because it is 
difficult to predict the clinical course of these 
conditions and because the empiric basis of 
many of the treatments is poorly understood, 
frequent follow-up is desirable. Failure of 
the treatment plan to produce improvement 
over several weeks should lead to thorough 
re-evaluation of the plan and its underlying 
assumptions. Many of these conditions re­
;;olve within a few weeks with early treat­
ment. The prognosis is generally good with 
!arly treatment and reduction in exposure. 

Sometimes CTS and other conditions of 
:he upper extremity follow a course similar 
o that of chronic severe low back pain. With 
:onservative treatment and appropriate ad­
ustments in the work setting, most cases 
hould improve enough so that the patient 
:an successfully return to work, but a small 
11inority become chronic and very difficult 
o treat successfully with conventional ap-
1roaches. In these cases of work-related dis­
·rders of the back and upper limb, the physi­
al capabilities of the worker, the work 
emands, and the psychosocial factors re­
tted both to the worker and the employer 
re all-important in determining whether the 
'Orker successfully returns to work (84 ). The 
ays in which these factors interact are com­
lex. The recognition that psychosocial fac-
1rs-such as job satisfaction or negative 
:If-fulfilling beliefs on the part of the pa­
!nt, the employer, or the health care pro­
der-are important should not lead to 

ignoring the role of occupational physical ex­
posures or to "blaming the victim" (85). 
When the latter occurs, delayed recovery is 
often attributed to personal weakness, low 
job satisfaction, or desire for secondary gain 
(86). Critical to prevention of these persis­
tent cases is early intervention-an impor­
tant reason to eliminate barriers to early re­
porting of symptoms. 

It is increasingly recognized that compre­
hensive approaches that directly address all 
facets of the patient's situation may prove to 
be most effective in returning the patient to 
work and reducing future impairment. As a 
consequence, there has been a rapid devel­
opment of comprehensive programs that ide­
ally address the physical reconditioning of 
the worker, psychosocial factors, and work­
place factors such as ongoing exposure 
(84,86). A contract between the patient and 
the health care provider should be estab­
lished early in the treatment process, with the 
explicit aim of returning the worker safely to 
work. The diagnosis and treatment of severe 
or chronic work-related musculoskeletal dis­
orders is sometimes challenging. Identifica­
tion of the level of exposure by patient 
history is difficult, and usually direct observa­
tion of work is the preferred approach. There 
is substantial uncertainty about how to best 
measure exposure in some occupational set­
tings, especially in the office. There is a dan­
ger of both overdiagnosis and underdiagno­
sis-for example, assuming either that every 
case of CTS is work-related or that no case 
of CTS is work-related. Not only is the as­
sessment of exposure difficult, but scientific 
understanding of the relation between expo­
sure and disease is still limited and imprecise. 
The danger exists of not recognizing when a 
case is becoming chronic and severe and 
when a multidisciplinary approach should be 
considered. Several observations are helpful 
when one is faced with challenges of diagnos­
ing and treating these work-related condi­
tions. A careful history and physical exami­
nation are important. An extensive objective 
assessment of the work environment may be 
required. In most cases, conservative treat-
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ment that preserves normal physical condi­
tioning, that relies on a reduction of the level 
of occupational exposure while the patient 
remains at work, and that incorporates care­
ful monitoring of the patient is a reasonable 
initial approach and is effective. 

Prevention of these disorders requires the 
successful identification and remediation of 
adverse exposures. 

PREVENTION 

Preventive strategies are largely experience­
based and have not been comprehensively 
evaluated by scientific studies. The principles 
outlined here must be adapted to fit the spe­
cific characteristics of each working environ­
ment. They should be viewed as a guide 
rather than a blueprint, and they require on­
going scientific evaluation (87,88). Three 
standard preventive strategies can be consid­
ered: (a) a reduction of the exposure to sus­
pected occupational risk factors, such as vi­
brating hand tools; (b) a conditioning process 
that increases the tolerance of workers to the 
suspected occupational risk factors ; and ( c) 
development of a replacement process that 
is highly predictive and reliable to identify 
those persons who are at unusually high risk 
for development of an upper-extremity dis­
order. The remainder of this chapter dis­
cusses the first strategy in detail. Before this 
discussion, however, brief comment is in or­
der for the other two strategies. 

Development of a replacement process is 
the least desirable of these strategies because 
there are no scientifically valid screening pro­
cedures to identify which persons are at high 
risk, and because this shifts the cost of reduc­
ing the incidence of symptoms onto the 
workers {who are denied employment or 
placement) and increases the costs of the 
hiring and replacement processes. A pro­
spective study comparing workers who were 
without symptoms of CTS but had abnor­
mally slow sensory median nerve conduction 
with workers from the same industries with 
normal conduction concluded that workers 
with asymptomatic slowed conduction did 

not have an increased risk of developing crs 
over an 18-month period (89). 

The second approach, a conditioning pro­
cess that provides a period of time during 
which workers can gradually adapt their 
muscles and tendons to the new demands, 
could be a useful approach for workers in 
forceful- or repetitive-action jobs. Training 
of new workers in the most efficient and least 
stressful ways of performing their jobs may 
also be useful, provided that the work tasks 
can be done in alternative ways that are both 
less stressful and at least as fast. Similarly, 
workers with symptoms may, with training, 
be able to adapt an equally efficient, but less 
stressful, work method. Training activities 
have not been evaluated specifically. Several 
employers, perceiving long-term benefits 
from a "phasing-in period," have established 
transitional or training areas where employ­
ees may work at a reduced pace for a limited 
time. In a survey of 5,000 employers in 
Washington State, among those who took 
prevention steps, a larger percentage re­
ported decreased number and severity of 
musculoskeletal disorders with engineering 
and administrative measures ( e.g., task vari­
ety, reduced overtime) than with strictly per­
sonal controls ( e.g., exercise programs, 
personal protective equipment) (90). 

Reduction in exposures, the standard pre­
ventive approach that directs attention to 
control of occupational factors, has the most 
promise. This approach often requires 
changes in the workstation, work process, 
or use of tools. Sometimes administrative 
changes, such as work restrictions, use of per­
sonal protective equipment (e.g., palm pads), 
or job rotation are useful alternatives, either 
as preventive or as therapeutic interventions. 

In order for work restrictions to be effec­
tive in the treatment of injured workers, the 
health care provider must be specific about 
the type of work activity that should be 
avoided or reduced. For example, it is better 
to limit repetitive hand activities to " fewer 
than 10 movements per minute for more than 
2 hours per day" than to prescribe "no repet­
itive hand movements during the work 
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shift." Developing specific recommendations 
for work restrictions is facilitated by viewing 
videotapes of the usual job of the worker or 
by obtaining detailed job descriptions from 
the employer. As a preventive intervention, 
job rotation of workers among jobs that re­
quire different types of motions of the upper 
extremity may simply expose an even greater 
number of workers to a considerable degree 
of risk. 

To reduce exposure, the first step required 
for instituting changes in workstations or 
work processes is to analyze the specific char­
acteristics of suspected high-risk jobs. Al­
though the job review can be conducted by 
an industrial engineer or occupational health 
professional with training in ergonomics, the 
involvement of those persons who are most 
knowledgeable about the job is important. 
Experience has shown that operators and su­
pervisors with limited technical training can 
successfully identify many of the hazardous 
aspects of a specific job, and that specific 
solutions may not be effective or accepted 
without the involvement of such persons in 
the job review and development of solutions. 

REDUCING EXPOSURE TO 
RISK FACTORS 

A job analysis performed for the patient with 
the spot-welding job in the case at the start 
Jf this section would have identified several 
!Xposure factors. The job was repetitive and 
·equired forceful gripping of the handles of 
he welding gun. The wrists were extended 
hrough most of the job cycle. 

After a job analysis has identified the po­
entially hazardous exposures associated 
1ith a particular job, specific solutions 
hould be solicited from those who are 
nowledgeable about the job. With limited 
·aining in the control principles ( discussed 
t the next section), engineers, production 
nployees, and front-line supervisors often 
:opose the most useful methods for elimi-
1ting hazardous risk factors. If several fac­
rs are present, it can be difficult to deter­
ine which is the most detrimental. Where 

possible, integrated solutions should be de­
veloped that reduce multiple risk factors at 
the same time. 

Control of repetitiveness, forcefulness , 
awkward posture, mechanical stress, vibra­
tion, and cold are often possible, as illus­
trated in the following examples. 

Control of Repetitiveness 

1. Use mechanical assists and other types 
of automation. For example, in packing 
operations, use a device, rather than the 
hands, to transfer parts. 

2. Rotate workers among jobs that require 
different types of motions. Rotation must 
be viewed as a temporary administrative 
control, one used only until a more perma­
nent solution can be found. 

3. Implement horizontal work enlargement 
by adding different elements or steps to 
a job, particularly steps that do not require 
the same motions as the current work 
cycle. 

4. Increase work allowances or decrease 
production standards. This control strat­
egy is rarely looked on favorably by man­
agement. 

5. Design a tool for use in either hand and 
also so that fingers are not used for trig­
gering motions. 

Control of Forcefulness 

1. Decrease the weight held in the hand by 
providing adjustable fixtures to hold parts 
being worked on. Many conventional bal­
ancers are available to neutralize tool 
weight. Articulating arms are used in 
many plants to hold and manipulate heavy 
tools into awkward positions. 

2. Control torque reaction force in power 
handtools by using torque reaction bars, 
torque-absorbing overhead balancers, 
and mounted nut-holding devices. Con­
trol the time that a worker is exposed to 
torque reaction by using shut-off rather 
than stall power tools. A void jerky mo­
tions by hand-held tools. 
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3. Design jobs so that a power grip rather 
than a pinch can be used whenever possi­
ble. (Maximum voluntary contraction in 
a power grip is approximately three times 
greater than in a pinch). 

4. Increase the coefficient of friction on hand 
tools to reduce slipperiness, for example, 
by use of plastic sleeves that can be 
slipped over metal handles of tools. 

5. Design jobs so that slides or hoists are 
used to move parts, to reduce the amount 
of handling or carrying of parts by the 
worker. 

Control of Awkward Posture 

The primary method for reducing awkward 
postures is to design adjustability of position 
into the job. Wrist, elbow, and shoulder pos­
tures required on a job often are determined 
by the height of the work surface with respect 
to the location of the worker. A tall worker 
may use less wrist flexion or ulnar deviation 
than a shorter worker. Additionally, awk­
ward postures can be reduced by the follow­
ing procedures. 

l. Alter the location or method of the work. 
For example, in automotive assembly op­
erations, changing the line location at 
which a particular part is installed may 
result in easier access. 

2. Redesign tools or change the type of tool 
used. For example, when wrist flexion oc­
curs with a piston-shaped tool that is used 
on a horizontal surface, correction may 
involve use of an in-line type tool or low­
ering of the workstation. 

3. Alter the orientation of the work. 
4. A void job tasks that require shoulder ab­

duction or forward flexion greater than 30 
to 45 degrees, elbow flexion greater than 
110 degrees, wrist flexion or extension 
greater than 20 degrees, or frequent 
neck rotation. 

5. Provide support for the forearm when 
precise finger motions are required, to re­
duce static muscle loading in the arm and 
shoulder girdle. 

Control of Vibration 

1. Do not use impact wrenches or piercing 
hammers. 

2. Use balancers, isolators, and damping ma­
terials. 

3. Use handle coatings that attenuate vibra­
tions and increase the coefficient of fric­
tion to reduce strength requirements. 

Control of Mechanical Stress 

l. Round or flare the edges of sharp objects, 
such as guards and container edges. 

2. Use different types of palm button guards, 
which allow room for the operator to use 
the button without contact with the guard. 

3. Use palm pads, which may provide some 
protection until tools can be developed to 
eliminate hand hammering. 

4. Use compliant cushioning material on 
handles or increase the length of the han­
dles to cause the force to dissipate over a 
greater surface of the hand. 

5. Use different-sized tools for different­
sized hands. 

6. A void narrow tool handles that concen­
trate large forces onto small areas of 
the hand. 

Control of Cold and Use of Gloves 

l. Properly maintain power tool air hoses to 
eliminate cold exhaust air leaks onto the 
workers' hands or arms. 

2. Provide a variety of styles and sizes of 
gloves to ensure proper fit of gloves. Al­
though gloves may protect the hands from 
cold exposures, they often decrease grip 
strength (requiring more forceful exer­
tion) , decrease tactile sensitivity, decrease 
manipulative ability, increase space re­
quirements, and increase the risk of be­
coming caught in moving parts. 

3. Cover only that part of the hand that is 
necessary for protection. Examples in­
clude use of safety tape for the fingertips 
with fingerless gloves and use of palm 
pads for the palm. 
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Conclusion 

In summary, work-related low back pain 
and disorders of the upper extremity are to­
gether among the most common occupa­
tional health problems. Although scientific 
knowledge often limits our ability to deter­
mine precisely the role of occupational and 
nonoccupational factors in the diagnosis of 
these conditions, substantial progress can be 
made in reducing their severity by applying 
existing knowledge about the role of physical 
factors in these disorders, including forceful 
repetitive hand work and frequent lifting of 
heavy objects. Work should be designed to 
reduce exposure to the known physical risk 
factors. Encouragement of prompt and ap­
propriately conservative medical evaluation 
of workers with such disorders can contrib­
ute to secondary prevention. Finally, for the 
minority of workers with disorders that do 
not respond to conservative treatment, in­
cluding reduction in the level of exposure, 
treatment programs that address all aspects 
of the problem, both the psychosocial and 
the physical, probably have the greatest 
chance of preventing permanent disability 
from these disorders. 
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APPENDIX 

WORK-RELATED DISORDERS OF THE UPPER EXTREMITIES 

Disorder 

Wrist 
Carpal tunnel syn­

drome 

De Quervain's 
disease 

Trigger finger 

Ulnar nerve com­
pression (Guyon 
canal syndrome) 

Tendinitis, tenosyn­
ovitis 

Elbow/Forearm 
Lateral epicondyl­

itis (tennis elbow) 

Medial epicondylitis 
(golfer's elbow) 

Olecranon bursitis 

Pronator teres syn­
drome 

History 

Pain, tingling, or numbness in me­
dial sensory distribution of the 
hand; nocturnal exacerbation; 
problems with dropping things 

Pain in anatomic snuffbox; may 
radiate up forearm; no history 
of radial or wrist fracture 

Finger locks in extension or 
flexion; requires assistance in 
unlocking; nodule or tendon 

Burning, tingling, or numbness in 
fourth and fifth digits; clumsi­
ness in fine movements 

Localized pain and swelling over 
muscle-tendon structure 

Pain at lateral epicondyle during 
rest or active motion of wrists 
and fingers 

Pain at medial epicondyle during 
rest or active motion of wrist 
and fingers 

Pain and swelling at olecranon 

Burning pain in first three digits 
of hand and forearm 

Physical examination 

Positive Phalen's test; positive Tinel's test; thenar 
atrophy in severe cases; rule out pronator teres 
syndrome, cervical root syndrome 

Positive Finkelstein's test with sharp pain rather 
than just pulling sensation; rule out radial nerve 
entrapment 

Nodule at base of digit palpable; locking on 
flexion or extension of digits 

Positive Tinel's sign at Guyon canal; positive Pha­
len 's test in ulnar distribution; decreased pinch 
strength; weakness on resisted abduction and ad­
duction of digits; rule out cervical root disorder, 
thoracic outlet syndrome, cubital tunnel syn­
drome 

Pain exacerbated by resisted motions; fine crepitus 
on passive range of motion (ROM) possible; no 
pain on passive ROM: pronounced asymmetric 
grip strength 

Pain on resisted extension of wrist with fingers 
flexed: no pain or limitation on full passive 
ROM; pain at epicondyle on palpation; pain on 
resisted radial deviation: rule out radial nerve 
entrapment 

No pain on passive ROM: pain on resisted wrist 
flexion and resisted forearm pronation; pain at 
medial epicondyle on palpation 

No pain on passive or resisted ROM: swelling 
around olecranon on palpation; rule out rheuma­
toid arthritis 

Increased pain in forearm by resisted pronation 
with clenched fist and flexed wrist (Mill's test) ; 
sensory impairment of thenar eminence; rule 
out carpal tunnel syndrome 
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WORK-RELATED DISORDERS OF THE UPPER EXTREMITIES (Continued) 

Disorder 

Shoulder 
Rotator cuff tendini­

tis (mainly supra­
spinatus) 

Bicipital tenosyno­
vitis 

Degenerative joint 
disease­
acromioclavicu­
Jar joint 

Degenerative joint 
disease­
glenohumeral 
joint 

Neck/Scapula 
Tension neck syn­

drome (costal­
scapular syn­
drome) 

Cervical root syn­
drome 

History 

Dull ache generally localized to 
deltoid area without neck or 
arm radiation; no symptoms of 
distal paresthesia: nocturnal ex­
acerbation: subject may not 
"catch" on movement. 

Pain localized to bicipital groove 
area that may radiate to ante­
rior aspect of arm; no distal 
paresthesia; nocturnal exacerba­
tion; subject able to use fore­
arm when upper arm held 
against chest; subject notes 
pain on abduction and rotation 

Generalized aching shoulder pain 
exacerbated by motion: least 
difficulty in morning but worse 
as day progresses 

Pain is very diffuse and nocturnal 

Neck pain or stiffness; no history 
of herniated cervical disc. in­
jury, or ankylosing spondylitis 

Pain radiating from neck to one 
or both arms with numbness in 
one or both hands; exacerbated 
by cough 

Physical examination 

Diffuse tenderness over shoulder. especially over 
humeral head and lateral to acromion; if tender­
ness is localized, it is most often over supraspi­
natus insertion; weakness uncommon 

Supraspinan1S: shrugs shoulder on abduction, pain­
ful arc at 70-90 degrees; passive ROM normal; 
pain on resisted abduction 

lnfraspinatus: pain on resisted external rotation; 
painful arc; rule out rheumatoid arthritis 

Positive Yergason's test (resisted supination), or 
positive Speed's test (resisted wrist flexion); nor­
mal passive and active ROM 

Limitation is similar on active and passive ROM; 
most discomfort is with mild abduction; crepitus 
common; tenderness on palpation directly over 
acromioclavicular articulation; pain reproduced 
as arm is abducted more than 90 degrees; pain 
on shoulder shrug 

Tenderness to palpation along joint line; no del­
toid or suprespinatus pain; passive ROM full 
but painful; active ROM retarded on flexion 
and extension (normal is 240 degrees in youth, 
190 degrees at age 70; normal abduction in 
youth is 166 degrees, 116 degrees at age 70) 

Muscle tightness, palpable hardening and tender 
spots; pain on resisted neck lateral flexion and 
rotation 

Limited passive or active ROM; radiating pain on 
passive motions; positive foreminal test; de­
creased pinprick in dermatome; absence of joint 
findings 
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