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NATURE AND COST OF LOW BACK PAIN

By Sean Gallagher' and Christopher A. Hamrick?

ABSTRACT

Low back pain (LBP) represents a huge expense to the
mining industry and to society as a whole. Any effort to
control the problems associated with LBP requires an
understanding of the nature of LBP. This review paper
was written by the U.S. Bureau of Mines to describe the

current state of knowledge regarding LBP—the causes, risk
factors for LBP, effectiveness of treatments, recovery from
back pain, and methods that can be used to help control
the problem.

INTRODUCTION

Low back pain (LBP) is very common in Western coun-

tries and is a major cause of worker disability, limitation -

of activity, and economic loss. Many studies have indi-
cated that up to 80% of the general population are af-
fected by LBP at some time during their lives (26, 35).2
Furthermore, it is estimated that approximately one in sev-
en Americans are currently experiencing LBP (25). The
cost of back injuries in the United States in 1989 was var-
iously estimated to be anywhere from $27 to $56 billion
(38). These costs have undoubtedly risen by a substantial
amount since that time.

Few necd to be reminded of the magnitude of the back
pain problem in the mining industry. Back injuries

consistently rank as the leading cause of lost workdays,
account for up to 40% of worker compensation payments,
and cost the industry tens of millions of dollars every year
(20). In underground coal mines alone, back injuries cost
the industry in excess of $30 million in 1991. The average
cost of a back injury that year was over $8,000.% As part
of its mission to enhance the safety and efficiency of
mining, this review paper was written by the U.S. Bureau
of Mines to describe the current state of knowledge
regarding LBP—the causes, risk factors for LBP, effective-
ness of treatments, recovery from back pain, and methods
that can be used to help control the problem.

CAUSE OF LBP

While a great deal of knowledge has been accumulated
regarding LBP in the past couple of decades, doctors and
scientists still cannot explain the exact mechanisms causing
pain in the majority of patients with LBP. Many experts
believe that LBP is caused by changes in the spine as an

individual ages. It is thought that the changes that occur
as one gets older may lower the resistance of the spine to
heavy workloads. Consequently, heavy loads on the spine
trigger the onset of low back symptoms (26-27, 34, 41).

IResearch physiologist.
2Industrial engineer.
Pittsburgh Research Center, U.S. Bureau of Mines, Pittsburgh, PA.
3Italic numbers in parentheses refer to items in the list of references
at the end of this paper.

4Unpublished data prepared by C. A. Hamrick in 1994; available
upon request from S. Gallagher, BuMines, Pittsburgh, PA.
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TYPICAL LBP HISTORY

LBP typically begins fairly early in life (usually in one’s
twenties). Back pain during this period is typified by a
mild and diffuse pain of relatively short duration, which is
followed by a return to full activity. In one’s thirties, there
are often more frequent attacks of LBP, which are relieved
by rest and followed by relatively pain-free periods. Back
pain typically peaks in the forties; episodes of sciatica

(radiating back pain) are more frequent, and there is often
residual pain between attacks. Improvement is frequently
seen in the fifties. This period is characterized by less
severe pain, which appears to be arthritic in nature (morn-
ing stiffness) and is largely relieved by activity during the
day. The sixtics often bring substantial relief from pain for
the LBP patient (41).

BACK INJURY RISK FACTORS

Effective control of LBP requires an understanding of
activities that increase the risk of an injury. Some of the
major factors associated with increased risk of back pain
follow:

Manual materials handling (especially lifting).
Twisting of the trunk.

Bending the trunk forward.
Bending the trunk to the side.
Excessive reaching.

Falls.

Prolonged sitting.

Sedentary jobs.

Highly physical jobs.

Exposure to whole-body vibration.
Cigarette smoking.

Obesity.

Extreme tallness.

As can be seen, a wide variety of activities arc associated
with back injuries (from prolonged sitting to heavy lifting).
The following sections give some additional detail with
regard to these risk factors.

SPECIFIC RISK FACTORS FOR LBP

Manual Materials Handling.—According to a study per-
formed by Bigos (7), manual handling tasks are associated
with almost two-thirds of all low back compensation
claims. Lifting is a particular concern, being associated
with 49% of low back compensation cases (43). Studies
have shown that lifting is especially hazardous if the object
workers have to lift is excessive, 1.e., greater than 15.9 kg
(35 Ib) in weight (I3, 30, 42). Perhaps more important
than the actual weight of an object is the moment that is
imposed on the low back. Figure 1 illustrates this point by
posing the question: Which is more stressful on the low
back, 15 kg (33 1b) of feathers or 15 kg (33 Ib) of lead? In
this example, 15 kg (33 1b) of feathers actually makes the
load experienced by the spine greater. This is because the
15 kg (33 1b) of feathers must be packaged in a bulky

container, which causes the worker to hold the object fur-
ther away from his or her body (creating a larger mo-
ment). This increases low back stress. Fifteen kilograms
(thirty threc pounds) of lead, on the other hand, makes for
a compact load that can be carried quite close to the body,
which will decrease the stress on the low back. Many
other aspects of manually lifting a load have been shown
to be potential hazards to the musculoskeletal system.
These include horizontal and vertical location of the load,
shape and size of the load, lifting frequency, load stability,
couplings, duration of lifting, workplace geometry, asym-
metric lifting, environmental issues, etc. (21).

Figure 1.—Fifteen kilograms (thirty-three pounds) of feathers
result in increased loading on the spine compared with 15 kg
(33 Ib) of lead. The lead (being compact) can be held much
closer to the body, which decreases the horizontal distance (H)
from the low back to the center of gravity of the object. The
resultis a decreased load on the low back. (Adapted from "UAW-
Ford Job Improvement Guide," copyright 1988, Regents of the
University of Michigan. Used by permission.}



Body Motions.— Twisting of the trunk is associated with
a significant proportion of low back compensation cases
(approximately 18%). Bending the trunk forward is also
associated with such cases, but to a somewhat lesser de-
gree (12% of cases).®* More recent studies have also
shown that the more quickly one twists the trunk or bends
the trunk to the side, the higher the back injury risk (32).
Other studies have demonstrated that excessive reaching
(for example, reaching over obstacles or handling bulky
objects) is associated with higher back injury rates (3, 45).
Falls are responsible for only about 10% of compensation
cases (7), but these cases tend to be somewhat more se-
vere and costly (7, 47).

Environmental Factors.—Workers who are required to
sit for prolonged periods of time have a higher risk of
back pain (31). This may be due in part to the fact that
the spine is almost fully bent forward in a relaxed sitting
posture (4). It appears that jobs with low physical de-
mands (sedentary jobs) and jobs possessing high physical
demands both have somewhat higher incidences of LBP
(36). A moderate amount of physical work is related to
lowest back injury rates. Exposure to whole-body vibra-
tion (such as that experienced by shuttle car drivers) has
also been implicated as a risk factor (9, 19). Another en-
vironmental factor that has received a great deal of atten-
tion recently is that of job satisfaction. Several studies
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have recently reported that an employee’s satisfaction with
his or her job, working environment, and/or first line
supervisor is related to LBP (6, 45). One reason for this
relationship may be that workers who enjoy their jobs are
willing to work through minor bouts of back pain, while
persons who do not like their job will use the same type
of pain as a chance to get away from an undesirable
situation.

Personal Factors.—A recent study has demonstrated that
smokers have an increased risk of LBP (7). In fact, this
study showed a dose-response relationship between
cigarette smoking and LBP. What this means is that the
more a person smokes, the greater is his or her risk of
LBP. The reasons for a smoker’s increased LBP risk are
probably due to two factors: (1) Smokers develop a deep
cough, which places increased stress on the low back, and
(2) smoking decreases blood circulation to the spine, which
prevents essential nutrients from being delivered, causing
tissues to be increasingly vulnerable to injury. Other per-
sonal risk factors involve body size. Back pain appears to
be about twice as common in the 20% most obese (17).
Furthermore, exceptionally tall individuals seem to have a
higher incidence of LBP (3). Certain types of LBP (es-
pecially those cases involving intervertebral disk problems)
seem to have a genetic component, as well (39).

MULTIPLE RISK FACTORS

Although the exact relationship is not known, it is be-
lieved that the various personal and task risk factors listed
above interact with one another (21). That is, several risk
factors may be present at the same time, which may in-
crease the chances of a worker experiencing a back injury
(14). Thus, in a general sense, the greater the number of
risk factors an individual has, the greater the likelihood
will be that an individual will experience an episode of
LBP.

As an example, let’s look at a truck driver, whom we’ll
call Charlie. In his everyday job, Charlie may be exposed
to a large number of back injury risk factors. As a truck
driver, Charlie typically has to remain seated for prolonged
periods of time and is exposed to whole-body vibration
when driving. Charlic is a two-pack a day smoker and is
also very obese, both of which may increase the likelihood
of experiencing LBP. Furthermore, Charlie has to do
heavy lifting to unload his truck. In the unloading process,
Charlie is forced to bend and twist to get some of the
loads off of the truck. One can easily see that Charlie has
a large number of risk factors that increase the likelihood
that he will experience an injury to his lower back.

SPrivate communication from Stover H. Snook, Liberty Mutual
Insurance Co., Aug. 1989.

Contrast Charlie’s situation with that of Frank. Frank
works in an office. While he sits at his desk a fair amount
of the time, he’s often called upon to do other jobs that
require him to be up and around the office. Frank is rare-
ly required to do any heavy lifting, but is called upon to do
light lifting every so often. Frank is a nonsmoker and
takes pride in keeping himself in shape. Compared to
Charlie, it should be fairly obvious that Frank has fewer
risk factors for LBP and would be less likely to experience
an injury. The authors want to make it clear that it is
possible that Frank might experience a back injury, while
Charlie may remain injury-free. However, the probability
is that we would expect Charlie to be the one to most like-
Iy experience bouts of LBP and disability.

Looking at these two cases brings up another point.
Let’s suppose that both Charlie and Frank are experienc-
ing a moderate amount of back pain. Frank may well be
able to go to work and tolerate his LBP and still be able
to do his job effectively. However, the same amount of
back pain might be disabling for Charlie, because the pain
may well prevent him from being able to perform the tasks
that are required in his job. So not only does Charlie’s job
increase the chances that he will experience a back injury,
it also increases the chances that his back pain will result
in lost time.



TREATMENT OF LBP

CHOICE AND EFFECTIVENESS OF TREATMENT

The majority of individuals who cxpcricnce LBP cope
with their pain without secking any sort of medical treat-
ment. While a large number of therapies have been at-
tempted to combat LBP, most studies have dcmonstrated
relatively little difference in the effectiveness of various
therapies (49). One therapy that clearly fares worse than
others is extended bed rest (49). It is clear that a few days
of bed rest may be necessary during cpisodes of acute
LBP; however, it is important that the patient be mobilized
as soon as possible.

MANIPULATION

One difference that was noted in a large, carcfully con-
trolled study was that patients who received "chiropractic-
type" rotational manipulation of the spinc reported more
immediate relief than that of the control group. However,
over the long run there was no difference in pain relief
between those receiving spine manipulation and those who

did not (24).
EXERCISE

There is some support for the use of exercises to de-
crease the degree of incapacity and increase the mobility
of the spine that typically accompanies LBP. Furthermore,
endurance training of the back muscles appears to have
some benefits in patients with postural LBP. Finally, ex-
ercise appears to have a significant effcct in decreasing
stress, improving the patient’s attitude, and allowing better

sleep; exercise may provide a positive alternative to pro-
longed use of medication in the chronic LBP patient.

BACK SCHOOLS

Back schools appear to reduce sick leave, improve work
status, decrease pain intensity or duration, and increase the
activity level of patients. The "self-care" approach taught
at back schools generally consists of enhanced knowledge
of the anatomy and physiology of the back, better body
mechanics and work techniques, and improved muscle
strength and flexibility. Back schools have been used for
patients with chronic pain, short-term (acute) pain, and as
a preventive technique for industrial workers. Of the three
groups, back schools appear to provide most help to
patients with acute pain.®

SURGERY

Surgery is only helpful in a very small segment (1% to
2%) of back pain cases. Successful surgery is reliant upon
careful selection of the patient. The successful surgical
patient must have unrelenting sciatica (back pain that
radiates down the leg), and even then, only 5% to 10% of
such patients should be candidates for surgery. The
unfortunate fact is that surgery often only provides short-
term benefits to the patient. Comparisons of surgical and
nonsurgical patients indicate that surgical patients do
somewhat bectter after 1 year, but after 4 years have
passed, surgical and nonsurgical groups fare about the
same (18).

RECOVERY FROM LBP

RETURN TO WORK

A study of compensation cases in 22 States for 1982 in-
dicated that the average duration of a lost time back injury
was 14 scheduled workdays (48). However, data from the
U.S. Mine Safety and Health Administration records of
mining accidents in 1990 indicated that the average
days lost for a back injury was more than three times as
long as that mentioned in the previous study (an avcrage
of 43 days lost)! Table 1 illustrates the percentage of
compensation cases returning to work, by time (44). This
table illustrates that almost two-thirds of paticnts returned
to work within 2 weeks and four out of five returned with-
in 6 weeks. However, after 6 weeks, the return to work
was much slower. Seven percent of compensation cases
lasted longer than 1 year.

Table 1.—Low back compensation cases
returning to work, by time (44)

Week Workers retuming, %
T o 42
2 . 62
6 ... 79
12 ... ... 87
24 ... .. 89
52 ... 93

PROBABILITY OF RETURNING TO WORK

Data show quite clearly that there is a limited time to
get workers back on the job once they have experienced a

SSee footnote S.



back injury. Table 2 illustrates the probability of a worker
returning to active employment after various durations of
being off work, based on data collected in two différent
studies (33, 40). This table shows that if a worker is off 6
months with a back injury, the chances are even that he or
she will return to productive employment. If the worker
is off for 1 year, there is only a one in four chance that the
worker will return to work. But if the worker is off for
2 years, the chances are very slim that the worker will ever
return to the active work force.

Table 2.—Probability of worker returning to work
for low back compensation cases, percent

McGill (33) Rosen (40)
Off work over 6 months . .. 50 35-55
Off work over 1 year...... 25 10-25
Off work over 2 years ... .. Nil 2- 3
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DETERRENTS TO RETURNING TO WORK

There are several factors that may act as barriers to the
worker returning to work. Malingering by the worker is
sometimes observed, but studies generally find that maling-
ering is less prevalent than is generally believed. More
likely deterrent factors associated with workers are psy-
chological disability (anxiety and depression associated
with chronic pain) (5) or illness behavior (a magnified or
abnormal response to illness) (50-51). Management may
also prevent an early return to work through policies that
it may put in place. Often management does not provide
followup or encouragement for the injured worker. Pro-
viding modified, alternative, or part-time work to an in-
jured employee may help facilitate his or her early return
(16). Other deterrents to a quick return to work may in-
clude specific contract rules, extended treatment by the
medical practitioner (15), or situations where legal pro-
ceedings result.

CONTROL OF LBP

There are three traditional approaches to the control of
back pain that will be considered here. These are (in
order of effectiveness) job design (ergonomics), worker
selection and job placement, and education and training.
These will be discussed briefly below; however, a more
extended treatment of job design is given in a companion
paper in this proceedings (23).

JOB DESIGN (ERGONOMICS)

Ergonomics is a science that strives to improve job de-
sign so that job or task demands do not cxcced the physi-
cal capabilities of the worker. This approach has become
quite popular in general industry over the past couple of
decades, and a scattering of ergonomic committees have
been created in the mining industry over the past several
years (37). Studies have indicated that thc proper design
of jobs can reduce up to one-third of all low back compen-
sation by reducing the onsct of painful cpisodcs, allowing
the worker to stay on the job longer and permitting the
worker to return to the job more quickly (43).

The job design approach begins with the evaluation of
existing jobs to identify risk factors that may lead to back
injury.  As identified previously, back injury risk factors
may include manual handling tasks; body movements such
as bending, twisting, and reaching; excessive loads; pro-
longed sitting; prolonged work in static postures; and ex-
posure to whole-body vibration. Job redesign consists of
reducing the risk factors associated with the job. For
example, exposure to excessive loads may be reduced by
providing the worker with mechanical aids. Improving
the layout of the workplace may also help to reduce

unnecessary bending and twisting. Appropriate packaging
of objects (to ensure that object weights match worker
capabilitics) will also reduce exposure to excessive loads.
In addition, proper seat design (providing an adjustable
seat with good lumbar support and vibration damping) can
reduce the stress on the low back (28, 46).

Management is sometimes reluctant to redesign jobs
because of the costs involved. However, many companies
have learned that devoting capital to job redesign is indeed
a sound business investment.” Reduced compensation
costs and increascs in worker productivity will return the
cost of the initial investment over time. Determining the
payback period will help persuade management of the cost
effectiveness of rcdesigning jobs.

WORKER SELECTION AND JOB PLACEMENT
Medical Examination

It has been estimated that 2 maximum of 1 in 12 young
(first hire age) workers susceptible to low back problems
may be identified by performing a careful examination and
obtaining a thorough medical history (41). The cffective-
ness of this approach for older workers may be somewhat
higher (41). However, it should be pointed out that there
is no guarantee that the workers screened out through this
process will ever experience a bout of LBP. Use of X-rays
in the examination process has been controversial, with the
majority of physicians recommending that routine pre-
placement X-rays not be used (2).

7See footnote 5.
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Strength and Fitness Testing

Studies have indicated that the chance of a musculo-
skeletal injury is up to three times higher when the lifting
requirements of a job approach or exceed a worker’s iso-
metric lifting capacity (12, 29). However, it is important
to note that if strength testing is used to place workers in
jobs, there is a risk of possible legal problems involving
discriminatory hiring practices. To prevent such accusa-
tions, it is crucial that the strength tests used to select
workers match the job demands as closely as possible.

In recent ycars, a large number of sophisticated
strength testing devices have appeared on the market.
However, thus far, there are no data regarding the ef-
fectiveness of these devices in reducing LBP.

EDUCATION AND TRAINING
Training in Safe Lifting

Teaching workers the proper method of lifting would
appear to be a useful way to prevent back problems.
However, the studies examining the effectiveness of this
approach have failed to demonstrate that training has any
effect on LBP (8, 15, 43, 52). There may be several rea-
sons why these studies have shown no effect. For one
thing, the quality of training in industry is typically lacking.
Presentations are generally poor, the content of programs
uneven, and there is usually no followup associated with
training programs. Furthermore, workers tend not to
comply with safe lifting récommendations, unless a pro-
gram of performance feedback is provided (Z). Safe lifting
is not a natural way to lift, requires more energy to per-
form, and is generally harder to do (22). Uninjured work-
ers are particularly hard to motivate. A better approach

may be to concentrate training efforts on workers with a
history of LBP, rather than attempting to train the entire
work force.

Strength and Fitness Training

Some research appears to support the notion that im-
proving worker fitness decreases the chances of worker
compensation claims (10). Table 3 shows the results of a
study examining the fitness of 1,652 Los Angeles firefight-
ers. The firefighters were divided into three fitness cate-
gories based on strength, flexibility, heart rate and blood
pressure, and physical work capacity. This study demon-
strated that the most fit workers had fewer back-related
compensation claims, the least fit had the highest number
of claims, and those in between had a moderate number
of claims. In a separate study (1I), compensation costs
were compared between workers with the greatest and
least flexibility, strength, and physical work capacity. This
study showed that workers with the greatest flexibility,
strength, and work capacity had much lower compensation
costs compared to those with the least flexibility, strength,
and work capacity. The authors concluded that physical
fitness and conditioning may have some preventive effect
with regard to back disorders.

Table 3.—Low back compensation claims for Los Angeles
firefighters, by level of fitness (10)

Most Middle Least

fit fit fit

Number of firefighters ............. 266 1,127 259
Low back compensation claims .. % .. 077 3.19  7.14

SUMMARY

The economic costs of LBP are overshadowed only by
the pain and disability experienced by the sufferer. De-
spite significant advances in knowledge of the low back,
the exact causes of LBP remain largely unknown. We do
know that there are scveral risk factors that increase the
chances of experiencing LBP. These include lifting, bend-
ing and twisting of the trunk, prolonged sitting, expo-
sure to whole-body vibration, and smoking. The best
methods for controlling LBP in the workplace is to reduce
the worker’s exposure to these risk factors. If a back

injury docs occur, there is a limited amount of time to get
the worker back on the job. The longer the worker is off
the job, the greater the chances are that the worker will
not return. Three main approaches have been used to
control LBP: job design (ergonomics), worker selection
and job placement, and education and training. Of these,
job design appears to offer the greatest ability to reduce
the occurrence of LBP; however, most effective back injury
control efforts use a combination of the approaches listed
above.
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