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GLOSSARY

Disc degeneration:A process through which the intervertebral disc begins to break down,
leading to essures and tears in the disc. These essures or tears can become painful if they extend
to (or occur in) the outer portion of the disc.

Fatigue failure: A process of material failure that results from repeated loading. Typically, the
process begins with development of a small crack in the material due to an applied stress. Further
loading expands the crack until the material fails.

Fracture: A break in bone or cartilage resulting from exposure to high forces and/or repeated
loading.

Ine,ammation: A basic way in which the body reacts to infection, irritation, or other injury. The
key features are redness, warmth, swelling, and pain.

Intervertebral disc: A disc-shaped piece of specialized tissue that separates the bones of the
spinal column.

Low back disability: Lost time from work resulting from low back pain.

Low back pain (LBP): The subjective perception of pain in the low back, buttocks, or legs.
Lumbar vertebrae: Refers to the eve lumbar bones (vertebrae) of the spine, situated in the
lower back region between the thoracic vertebrae and the sacral vertebrae in the spinal column.

These vertebrae are subjected to high stress and are a frequent site of injury.

Moment: The tendency of a force to cause rotation about a point or axis. A moment represents
the combined effect of farce applied at alistancefrom a point.

Ultimate compressive strength:The force that a material can resist without being crushed,
under pressure, in a single loading cycle.

Vertebral endplate: A thin layer of cartilage that connects the vertebrae and the intervertebral
discs of the spine. Endplates are the weakest link in the spine and the erst structure to get
damaged when the spine is placed under load.

Whole-body vibration (WBV): Mechanical energy oscillation transmitted to the whole body,

typically during operation of mobile equipment or vehicles. Exposure to WBYV is associated with
increased incidence of low back pain.
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REDUCING LOW BACK PAIN AND DISABILITY IN MINING

By Sean Gallagher, Ph.D., CPE *!

EXECUTIVE SUMMARY

This report was written in an effort to provide better control measures for low back pain
(LBP) and low back disability in the mining industry. There are numerous factors associated with
development of LBP, many of which can be effectively controlled while some cannot. Better
job design is promoted as the best method of reducing cases of LBP and can also reduce the
disability (i.e., lost time from work) associated with LBP when it happens.

The report draws attention to what is currently known about LBP, what the causes are
thought to be, and discusses recent back injury trends in the mining industry. Research describing
unique physical demands in mining, such as the capabilities and limitations of working in
awkward postures, is also presented. Methods that can be used to prevent initial LBP episodes
are provided, including facilities design and layout for materials and supplies, use of mechanical-
assist devices, improved design of lifting tasks, and better seat design. Methods of reducing the
disability associated with LBP (including workplace design, proactive return-to-work efforts,
communication, and management commitment) are also discussed.

The report concludes that control of LBP and disability in mining requires a
comprehensive approach to limit the repetitive loading that can occur on the low back due
to manual materials-handling tasks and exposure to whole-body vibration (WBV). Specisc
recommendations include the following:

Successful LBP prevention efforts require a proactive program that has strong
management commitment and incorporates employee involvement.

More efecient supply handling systems and use of mechanical-assist devices can greatly
reduce exposure to hazardous lifting tasks.

Lifting tasks should be designed to minimize low back stress. Tools to evaluate and
redesign lifting tasks are presented.

Improved seat design can reduce exposure to WBV and improve posture, leading to
reduced LBP risk.

The disability associated with LBP can be reduced. Getting the worker back on the job as
quickly as possible is in the interest of everyone involved.

1Senior research scientist, Pittsburgh Research Laboratory, National Institute for Occupational
Safety and Health, Pittsburgh, PA.



INTRODUCTION

Low back pain (LBP) and the disability resulting from LBP continue to plague the mining
industry. Historically, the mining industry has been among the highest of industries in terms of
LBP worker compensation claims [Klein et al. 1984], back injury rates [Sestito et al. 2004], and
exposure to risk factors for back and other musculoskeletal disorders [Winn and Biersner 1992].
The high incidence of LBP among miners is believed to be due (at least in part) to high exposure
to awkward postures, heavy manual work, and exposure to whole-body vibration (WBV) in the
mining work environment [Brinckmann et al. 1998]. As a result of these risk factor exposures,
LBP has consistently been the leading cause of occupational disability in the mining industry.

LBP prevention efforts in mining (and other industries) have often been deesned by the
well-known slogan: “Lift with your legs, not with your back.” However, it is now clear that the
challenge of preventing LBP and disability cannot be addressed so simply. The slogan implies
that total ownership for LBP prevention lies entirely with the worker performing a lifting task.
However, closer inspection reveals that lifting demands experienced by the worker may be
the result of the workplace environment, job demands, and decisions made by others (e.qg.,,
by material suppliers or those deciding how materials will be stored). Furthermore, research
has shown that the most effective efforts to control LBP and disability are those that are
comprehensive in nature and that involve individuals at all levels of the organization (and often
individualsoutsidethe organization) [Snook 2006].

This report seeks to provide managers, supervisors, and safety and health professionals
with a greater understanding of LBP and low back disability (work time lost due to LBP). The
report will attempt to improve the reader’s understanding of the many factors that inluence
LBP, provide the latest research information related to its causes, and describe methods that have
proven to be effective in preventing LBP and disability.



|. UNDERSTANDING LOW BACK PAIN

The Nature of Low Back Pain

Developing a successful strategy for the control of LBP requires an understanding
of the nature of the pain and factors that may in'uence its development. LBP is a complex
phenomenon. While there is still a great deal that is not understood about back pain, much has
been learned during the past decades. The sections that follow provide some basic information
regarding what is currently known about LBP.

What Is Low Back Pain?

LBP has been deesned as the subjective perception of pain in the low back, buttocks,
or legs [Snook 2006]. Numbness and/or pain that radiates to the legs is commonly known as
sciatica LBP is a very common afliction. Approximately two-thirds of the U.S. adult population
suffers from LBP at some time in their lives [Deyo and Weinstein 2001]. Pain is classised
by health professionals as minimal, slight, moderate, or severe. Minimal pain constitutes an
annoyance, but does not affect activity. Slight pain may have small effects on physical activity,
while moderate pain may cause a marked handicap in activity. Severe pain may result in a severe
handicap or may preclude performance of an activity altogether.

Why Is Low Back Pain Hard to Diagnose?

Since there is no objective measure of pain, subjective reports must be relied upon (pain
drawings, pain scales, etc.). Due in part to this problem, about 85% of people with LBP are not
given precise reason for their pain [Deyo and Weinstein 2001; Nachemson and Vingard 2000].
The most common diagnosis for most people is “nonspeciec” LBP. As will be discussed in later
sections, more is being learned about pain generators and pathways believed to lead to LBP.
However, speciec diagnoses as to the true cause of pain remain rare and complex at present.

How Often Does Low Back Pain Recur?

The recurrence rate for LBP is very high. A recurrence range of 40%—-80% is commonly
reported [Wasiak et al. 2003]. In fact, studies have often found that a history of LBP is the best
predictor for future LBP [Videman and Battié 1996; Carter and Birrell 2000; Waddell and Burton
2000]. The high recurrence rate for LBP means that it is very important to consider secondary
prevention (prevention of LBP recurrence) in efforts to control costs and disability.

What Is the Relationship Between Low Back Pain and Disability?

Low back disability (time lost from work) is obviously related to LBP, but includes many
personal, social, and economic factors that can affect disability [Snook 2006]. Examples of
these variables include job dissatisfaction, personality differences, supervisor conlicts, domestic
problems, compensation laws, management policies and practices, unemployment rates, and
litigation. The relationship between LBP and low back disability is not always straightforward.
Some people experience high amounts of LBP, but can still work. Others can become disabled
with only small amounts of LBP. The degree to which a worker is disabled is often related to the
physical demands of the worker’s job. For example, a worker in the mine ofsce may be able to
perform his or her duties with LBP, but the same amount of pain may make work unbearable to
a coal miner who works in a low- or midseam mine. Furthermore, the physical stresses of work
can sometimes exacerbate a mild degree of LBP to unbearable levels.
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What Are the Occupational Risk Factors for Low Back Pain?

Arisk factor is a variable associated with an increased risk of disease, disorder, or
infection. Risk factors are not necessarily the cause of a disease or disorder. Risk factors are
obtained by comparing the risk of those exposed to the potential risk factor to those not exposed.
The term “risk factor” was erst coined by heart researcher Thomas R. Dawber, M.D., in a
landmark scientiec paper in 1961 in which he attributed heart disease to specisc conditions such
as blood pressure, cholesterol, and smoking [Kannel et al. 1961].

A number of risk factors for LBP have been identieed. Several of these are of interest in
terms of exposures present in the mining environment. As shown in Table 1, a recent summary of
the scientiec literature performed by the National Research Council [NRC 2001] found that four
work-related risk factors show consistent and positive associations with the occurrence of back
disorders. These risk factors include manual materials handling, frequent bending and twisting,
heavy physical load, and exposure to WBV. These results echo the endings of a comprehensive
review by the National Institute for Occupational Safety and Health (NIOSH), which found
strong evidence for a causal relationship between LBP and lifting/forceful movements and
exposure to WBYV and evidence for a causal relationship between awkward postures and heavy
physical work and LBP [Bernard 1997].

Table 1.—Work-related physical risk factors for low back disorders [NRC 2001]
(n = number of studies)

Studies showing no association Studies showing positive
) with back disorders association with back disorders
Risk factors - -
Range of risk Range of risk
n . n 4

estimates estimates

Manual material handling 4 0.90-1.45 24 1.12-3.54

Frequent bending and 2 1.08-1.30 15 1.29-8.09
twisting

Heavy physical load 0 — 8 1.54-3.71

Whole-body vibration 1 1.10 16 1.26-9.00

It should be apparent that all of the physical risk factors listed above have relevance
to work in the mining industry. For example, heavy physical work has been desned as work
that requires high energy demands or some measure of physical strength [Bernard 1997]. The
mining industry is elled with tasks that require high physical demands. Furthermore, manual
lifting and handling of heavy supplies and other material are still commonplace in mining.
Underground mining often presents workers with unique environmental restrictions that force the
use of awkward working postures involving frequent and severe bending and twisting activities.
However, bending and twisting are certainly not unknown in surface mining operations either.
Finally, exposure to WBYV is common for mine workers riding in or on equipment at both surface
and underground settings. Exposures to WBV in mining can be exacerbated by driving trucks on
rough haul roads at surface mines and by the inability to put effective vehicle suspension systems
on low-seam mobile equipment.



Personal Factors

There are a number of personal factors that seem to inluence risk of LBP [NRC
2001; Snook 2006]. These include factors such as age, physical strength, prior injury, level of
individual «tness and conditioning, pain intolerance, and certain psychological disorders. Some
of these issues (such as the effects of age and prior injury) are complex and are clearly not
factors that can be completely controlled at the present time. However, proper design of jobs can
do much to accommodate individuals of different ages and capabilities and can also inluence
certain psychological factors that have shown associations with LBP and low back disability.

Does the Social Environment at Work Affect Low Back Pain?

Psychosocial factors, such as job dissatisfaction, poor relationship with immediate
supervisors, perceived inadequacy of income, lack of control over one’s job, and unpleasant
work environments seem to have an impact on LBP and/or reporting of LBP [Bongers et
al. 1993; NRC 2001; Bernard 1997; Snook 2006]. One of the consistent sndings related to
workplace psychosocial stressors is that low job satisfaction is associated with LBP [Westrin
1970; Magora 1973; Svennson and Andersson 1983; Bergenudd and Nilsson 1988; Hoogendoorn
et al. 2000]. Monotony at work is also usually associated with higher levels of LBP and worker
compensation claims. Monotony was found to have a direct relationship to LBP in a study by
Svennson and Andersson [1983], while a study by Bergqvist-Ullman and Larsson [1977] found
that monotonous jobs were also associated with increased lost time. Other workplace factors that
have shown a relationship to LBP include low social support at work, high perceived stress, and
perceived ability to return to work [Hoogendoorn et al. 2000, 2001; NRC 2001]. Recent studies
have indicated that the combination of workplace stress and physical work demands increase
rates of LBP well above the rates seen due to physical demands alone [Devereux et al. 2004;
Waters et al. 2007]. One of these studies found that each factor alone doubled the risk of LBP,
but if both factors were present the risk was four times higher [Waters et al. 2007]. Furthermore,
reviews of research indicate that psychosocial and psychological issues may be particularly
important in the transition from LBP to disability [Ferguson and Marras 1997; Linton 2000].
Improving social aspects of the work environment can reduce the psychosocial factors that lead
to LBP and low back disability.

Summary

LBP is a complex problem that involves both factors that cannot currently be controlled
(such as certain effects of age) and factors that can be changed or inluenced (such as the design
of jobs, equipment, and work culture). Control of LBP in mining should focus on both reducing
exposure to physical risk factors to prevent initial onset of LBP and designing work to better
accommodate workers with LBP. Fortunately, many of the techniques covered in this report can
help achieve both objectives. Before discussing these control techniques, the causes of LBP and
recent back injury trends in the mining industry will be examined.



Causes of Low Back Pain

In past years, relatively little was known about speciec causes of LBP. However, recent
research has improved our understanding of some of the causes of back pain. While there are
many possible sources of LBP, some seem to be more highly associated with chronic LBP (and
are responsible for a large portion of low back disability). An understanding of these mechanisms
requires a brief look at the anatomy of the low back and a discussion of the injury pathways
leading to LBP.

Anatomy of the Lumbar Spine

Figure 1 shows the entire human spine and its major regions. The lumbar (low back)
region of the spine is located directly below the thoracic region and directly above the sacrum.
The lumbar vertebrae are most frequently involved in LBP because these vertebrae carry the
greatest amount of body weight and are subject to the largest forces and stresses in the spine.

Figure 2 illustrates what is known asnation segmentvhich consists of two vertebrae
and a spinal disc (called an intervertebral disc). The disc serves an important function in that
it provide a means of separating individual spinal vertebrae and, being deformable, allows
lexibility of movement to the spinal column. If the spine were just a stack of bones with no
intervening discs, the spine could bear weight but would not be able to provide the rocking
motions that allow forward and side bending of the spine, which would greatly limit the types of
tasks that humans could perform. Thus, the motion segment does what it says—it is a segment of
the spine that allows motion to occur. Each individual motion segment provides only a relatively
small amount of movement (a few degrees in any direction). However, when one adds up
these small movements across all of the motion segments of the spine, the result is tremendous
lexibility in forward bending, side bending, and twisting motions.

Cervical

Thoracic

Lumbar

Sacrum/Coccyx

Figure 1.—Regions of the human spine.
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Vertebra

Disc Facet joint

Vertebra

Figure 2.—A motion segment of the lumbar spine.

A closer look at the components of the motion segment will now be taken, as some of
these components seem to play important roles in the development of LBP.

The Lumbar Vertebrae

Lumbar vertebrae are irregularly shaped bones that consist of three major functional
elements: the vertebral body, the pedicles, and what are called posterior elements (Figure 3). The
vertebral body is a short section of a cylinder, but when viewed from above, reveals a somewhat
kidney-shaped appearance. The “walls” of the cylinder consist of dense bone (cortical bone) that
provides a strong exterior structure. Within this ring of cortical bone there is a less dense type of
bone called cancellous bone (which, while made of bone, looks somewhat “spongelike”).

Posterior elements

Pedicles

Vertebral body

Figure 3.—Top and side views of lumbar vertebra.



Vertebral Endplates

On the top and bottom surface of every vertebral body, between the bone and the disc,
there is a layer of cartilage about .04 in thick called the vertebral endplate (Figure 4). This
endplate serves as an interface between the vertebral bone and the disc and plays an important
role in disc nutrition. Discs do not have a direct blood supply, which is the normal method of
supplying nutrition to body tissues. Thus, the health of the disc is dependent on the !ow of
nutrients from the interior of the vertebral body (which does have a blood supply) through
this endplate. The integrity of the vertebral endplate seems to play an important role in the
development of disc degeneration and LBP.

(‘\

)

Vertebral
Endplates

Annulus
Fibrosis

O

T~

Disc

Vertebral
Endplates
Nucleus f S~ \
Pulposus
Vertebral
Endplates

\—

Figure 4.—Vertebral endplates are located on the vertebral body adjacent to the discs.

Intervertebral Discs

Intervertebral discs are found between each vertebra (Figure 4). The discs are !at, round
structures with tough outer rings of tissue called the annulus <brosis. These contain a soft,
jellylike center called the nucleus pulposus. As mentioned previously, the disc allows the spine to
be more !exible, but it also works as a shock absorber. However, when discs start to degenerate,
they can become a major source of LBP. The intervertebral disc is exed in size, and nearly all
of the weight-bearing forces are distributed across its area. Therefore, the strength of the disc is
limited by the applied force per unit area.

Muscles and Tendons

Numerous muscles surround the spine and are responsible for permitting it to adopt an
upright posture and providing for its motion (Figure 5). The back muscles generate very large
forces when lifting objects and these forces can create great stress on the lumbar spine. Tendons
attach muscle to bone. When a strained (“pulled”) muscle is experienced, usually the failure
occurs where the tendon and the muscle join.



Trapezius

Latissimus

Erectores dorsi

spinae
(beneath fascia)

Figure 5.—Muscles of the low back.

Ligaments

Ligaments connect bone to bone. Like tendons, these structures are connective tissues
made of densely packed collagen <bers. In the spine, many ligaments are available to provide
structural stability. Figure 6 shows some of the major ligaments of the spine.

Ligamentum Flavum

_Ihtertransverse
% Ligament
WS = posterior

[ I |Longitudinal
Q"‘H - ) Ligament

Interspincs >
Ligament~{}”

(8
Supraspinous

Ligament Anterior

ongitudinal

Ligament

Figure 6.—Ligaments of the lumbar spine. Ligaments attach bone to bone and help provide
stability to the spine.



Sources of Low Back Pain (Pain Generators)

Almost every structure of the spine described above has been a suspected source of LBP.
Popular theories as to the source of LBP have included back muscle strains, ligament sprains,
and so-called trigger points [Bogduk 1997]. While some of these structures may be involved in
short-term LBP or discomfort, there is not much evidence to support that these structures are the
source of the chronic LBP that leads to high cost and long-term disability cases. Evidence now
suggests that a great deal of chronic LBP is due to disc degeneration, facet joint damage, and/
or dysfunction of the sacroiliac joint. The following sections detail how these structures and
processes are believed to be related to the development of chronic LBP.

Sources of Chronic Pain

Disc degeneration.The process of disc degeneration is now thought to be a major culprit
in the development of chronic LBP. Disc degeneration is believed to be initiated through endplate
fractures [Adams et al. 2000]. The endplate (not the disc) is the weakest link in the spine and is
the erst structure to fail when subjected to a high (or repeated) load (Figure 7) [Bogduk 1997].
The endplate develops essures or “cracks” when its strength is exceeded. The body repairs these
cracks using its own particular brand of “mortar.” The mortar used to repair these endplate cracks
is called scar tissue. Scar tissue helps increase the structural integrity of the crack; however,
it does so at a price. Speciscally, it reduces the !ow of nutrients from the vertebral body to
the disc. When the reduced nutrition is no longer sufecient for disc health, the process of disc
degeneration is set in motion [Adams and Dolan 1995].

Vertebrae Endplate
Fracture

Spinal Disc

Vertebrae

Figure 7.—The endplate is the erst structure to become damaged when subjected
to a high or repeated load.

Discs tend to degenerate from the inside out [Bogduk 1991]. Tears will srst occur in
the innermost <bers of the disc. Failure of these <bers will place additional strain on adjacent
*bers, which (being similarly weakened) will also begin to fail. Once the process has been
started, repeated loading will cause additional tears of the annular <bers, resulting in formation
of signiecant disc essures (Figure 8) [Moneta et al. 1994; Schwarzer et al. 1995b; Ito et al.
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1998]. If these sssures approach or occur in the outer portion of the annulus, a wound-healing
process is initiated that involves an inlammatory response. Inlammation is an important early
stage of the body'’s repair process. However, many of the chemicals involved in the inlammation
process irritate pain receptors that are present in the outer portions of the disc (pain receptors are
not found in the inner portions of the disc because of the high pressures present there) [Bogduk
1997]. In patients experiencing chronic LBP, the occurrence of internal disc disruption is at least
39% [Schwarzer et al. 1995b], which represents the most common cause of chronic LBP that
has yet been demonstrated [Bogduk 1997]. Herniated discs, in which the nucleus pushes outside
the annulus, are fairly rare and occur mostly in slightly degenerated discs [Gallagher 2002].
Loads imposed on the spine during lifting tasks are thought to be sufecient to cause fractures in
the endplates of lumbar vertebrae, particularly upon repeated loading [Brinckmann et al. 1988;
Gallagher et al. 2005, 2007; Hansson et al. 1987].

Figure 8.—Fissures (tears) in the disc. Numbers refer to grades of essures. Grades 0, 1, and 2 are not
associated with chronic pain. However, grade 3 sssures (reaching or occurring in outer portion
of the disc) are highly associated with chronic LBP [Bogduk 1997].

Mechanisms of endplate fractureThe best approach to preventing the process of disc
degeneration seems to be minimizing the likelihood of the initial endplate fracture. Endplate
fractures can occur in two basic ways. The erst is that the endplate’s strength may be exceeded
by one very large load placed on the spine. This may occur in the case of a fall, an extreme jolt
when riding in a vehicle, or even during an extremely heavy lift. However, most experts believe
that endplate fractures occur more commonly from the process of repeated loading of the spine
[Brinckmann et al. 1988]. In this process, a load placed on the spine (perhaps from a heavy
lift) results in a tiny fracture in the endplate or in the bone supporting the endplate. This small
fracture creates an area of weakness which, with repeated lifting, will cause the microfracture
to expand, ultimately leading to a large fracture. Thus, repetitive (submaximal) loading can
eventually lead to an injury that is equivalent to an injury experienced in a one-time overload of
the tissue strength [Brinckmann et al. 1988; Gallagher et al. 2005, 2007].
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One important implication of the cumulative damage from repeated loading is that people
can be performing tasks that they believe are safe (lifting a 50-Ib bag), but each lift may be
leading to a slight amount of damage. The resulting accumulation of weakness in the spine may
lead to an injury that may result from what seems like a fairly innocuous task (like bending down
to pick up a pencil), but which is really the result of damage that has accumulated over time.

Facet joints.Facet joints (see Figure 2) are a small set of joints located at the back of
the motion segment. These joints are believed, when loaded, to develop wear and tear of the
gliding surfaces of the joint, which may lead to arthritis over time [Eisenstein and Parry 1987].
Bending forward and/or side to side are believed to place damaging stress concentrations on
the cartilage surface of the joints, leading to degeneration [Farfan 1973]. As the facet joint
begins to degenerate, small defects in the joint surfaces appear. As with the disc, the cartilage
surfaces of the facet joints have limited blood supply, which limits the body’s ability to repair
the damage. This limited repair capacity makes the facet joint susceptible to degeneration. In
fact, degeneration of the facet joints is believed by some to be a result of disc degeneration
[Vernon-Roberts and Pirie 1977]. This is because when a disc degenerates, it loses height.
When this occurs, it causes the bone and cartilage of the facet joint (normally separated) to
come into contact and grind against each other, causing degeneration of the surfaces. Studies
have suggested that approximately 15% of chronic LBP cases may be due to facet joint pain
[Schwarzer et al. 1994]. Since these injuries may be directly related to disc degeneration, it is
possible that over half of chronic LBP cases are related (directly or indirectly) to the process of
disc degeneration.

Sacroiliac pain.One *nal source of chronic LBP deals with mechanical disorders of
the sacroiliac joint (where the sacrum of the spine joins the iliac bone in the pelvis). Evidence
suggests that such disorders may be present in 15% of chronic LBP sufferers [Schwarzer et al.
19953].

Sources of Short-term Low Back Pain

Muscle strain. There is little doubt that back muscles can be a source of pain. There are
many ways in which muscles can be a pain source, but by far the most common is believed to
be muscle strain [Armstrong 1990]. When muscles become overstressed in certain ways (e.g.,

a severe or sustained exertion), muscle sbers can become damaged usually at or near the point
where the muscle and tendon join. Recent research on both laboratory animals and humans has
demonstrated that muscle strain occurs most often when the muscle sbers are contracting but the
muscle itself is lengthening, in what is known as an “eccentric” or “negative” contraction [Cutlip
2006]. An example of an eccentric contraction would be when a worker lowers a load to ground
level. The back muscles are activated to maintain control of the load, but the muscles themselves
lengthen as the back bends forward. As with other body tissues experiencing damage, repair is
initiated through the pain-inducing process of inlammation.

The time required to repair the damaged tissue will of course depend on the extent of the
damage. However, as opposed to other tissues that have been discussed previously (such as the
intervertebral discs), the muscles have the benest of a good blood sTipigiyelps signiecantly
with the repair process, meaning that recovery from muscle strain is likely to be much more
rapid than with other tissues. Interestingly, research has suggested that prolonged use of over-
the-counter pain medications (such as ibuprofen), while reducing pain and inlammation, can
signiecantly lengthen the time it takes to complete the repair process [Mishra et al. 1995]. The
reason may be that while these drugs reduce inlammation and pain, the inlfammation is an
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important part of the repair process. It has been suggested that use of anti-inlammatory drugs
should be limited as a result in the treatment of muscle strains (perhaps using them only for a day
or two after the initial injury).

Ligaments.When a full stooping posture is adopted (Figure 9), back muscles actually
become totally inactive (i.e., stop contracting), and the ligaments of the spine have to bear the
entire load of the upper body [Floyd and Silver 1955; Basmajian and DeLuca 1985]. Ligaments
were once thought to be relatively simple structures and basically inert. However, in the past
couple of decades it has been discovered that ligaments contain a feedback mechanism to
nearby muscles. As a result, if ligaments are stretched or damaged, the strength and function
of muscles can be affected. Studies have shown that spine !exion (stooping) for a 30-min
period may be associated with decreased strength and back muscle spasms for a period of up
to 24 hr [Solomonow et al. 1998]. Studies have further shown that spinal ligaments can and
do get damaged during !exion or when the muscle-tendon unit fails. Ligaments are slow to
heal because of a poor blood supply [Solomonow 2004]. This may decrease their ability to
properly support the spine and may lead to decreased muscular function as well. This is one of
many reasons that the stooping posture is hazardous to spinal structures and should be avoided
as much as possible. The role of ligaments in LBP is very relevant to the underground mining
environment, especially in low- to midseam mines where workers frequently adopt a stooping
posture.

A > C

Figure 9.—Adopting a full stooping posture. Back muscles: (A) exhibit a small amount of activity
in standing, (B) exhibit increased activity in slight bending, and (C) become inactive
when stooping. Ligaments bear the weight of the upper body in the stooping posture.
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Consider the situation depicted in Figure 35. A worker holds a 50-Ib bag of cement. The
center of gravity of the bag is 20 inches in front of the spine. This creates a 1,000 in-Ib (forward-
bending) moment about the spine. Back muscle forces must be used to counteract this forward-
bending moment to keep the worker upright. Since the back muscles have a 2-in lever arm, one
can calculate the necessary forces:

20in* 50 Ib = 2 in~ Ib of force from back muscles

20in*501b @)
20 |r21 inSO b = Force required from back muscles

500 Ib = Force required from back muscles

So in order to balance this 50-lb bag of cement, the back muscles must generate 500 Ib
of force! The huge forces created by the contracting back muscles in such a case squeezes (or
compresses) the spinal column. Such forces may be sufscient to damage some of the structures
of the spine, speciecally the vertebral endplate. It should be noted that the weight of the upper
body (about 50% of body weight) would also be compressing the spine, adding to the overall
compressive load. As discussed earlier in the section on “Causes of Low Back Pain,” the
endplates are the weakest link in the spine, and fractures in the endplate are believed to be an
important factor in the development of disc degeneration and LBP.

Back Muscle 50 |b
N

ED

Figure 35.—In this example, the back muscles have a 2-in lever arm compared to the 20-in lever arm
for the load. This means that back muscles must generate very high forces to balance the load.

Given the multiplying effect of distance on the weight of the object, it is possible to
compare two lifting situations in which the lighter object actually creates more back stress than
a heavier object! Such a situation is shown in Figure 36. Figure 36A shows a subject lifting a
40-Ib object at 1 ft away from the spine. This lift creates a 40 ft-Ib torque about the low back.
By contrast, Figure 36B shows a worker lifting a 25-lb weight, but because a barrier prevents
the worker from getting close to the object, the worker must lift it at a great distance from the
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spine (3 ft). The load moment calculation associated with this lift is 25 Ib x 3 ft = 75 ft-Ib, almost
doubling the spinal stress compared to lifting the 40-Ib load close to the body. In actuality, the
situation in Figure 36B is even worse because the weight of the torso creates an additional
forward bending moment, which adds an even greater demand on the back muscles and higher
compressive forces on the back. The inluence of torso posture will be examined in the next

section.
B
40 Ib
251b

1 ft

Figure 36.—Since weight of the load is multiplied by the distance away, a lighter object lifted
at a great distance from the body (B) can actually create more spine stress
than a heavy one lifted close to the body (A).

The Impact of Torso Flexion

The example shown in Figure 36 assumed (for ease of calculation) that the weight of the
torso did not inluence the load on the low back. However, bending the trunk complicates matters
in several ways. The most obvious is that when the torso is bent forward, it creates an additional
moment about the spine due to the force of gravity pulling on the weight of the head, arms, and
torso of the body. Once again, a center of gravity for the torso, head, neck, and arms can be
determined. Approximately half of the body’s total weight is contained in these segments. The
center of gravity is generally located about 8 in above the lowest lumbar disc. So for a 200-1b
individual this creates another 135 ft-Ib of forward-bending torque that must be counteracted by
the back muscles, which will require an additional 540 Ib of force from the back muscles. This
will obviously create additional compressive stress on the spine and increases the likelihood of
tissue failure of the spinal column.

Unfortunately, the !oor (or ground) is a very common storage place for materials that
are ultimately manually handled. Doing so greatly increases low back stress for the reasons just
covered. An important lesson from this example is that items that must be manually handled
should not be stored on the !oor. Ideally, materials should be lifted from waist height when
a standing posture can be adopted. The range of preferred starting points from which an item
should be lifted is between knee and shoulder height. This is sometimes referred to as the “power
zone,” since more weight can be lifted safely within this region.
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where:

Metric U.S. Customary
LC = Load constant = 23 kg 511b
HM = Horizontal multiplier = (25/H) (10/H)
VM = Vertical multiplier = 1-(003V-7b) 1-(.007%V-3D)
DM = Distance multiplier = .82 + (4.5/D) .82 +1.8/D)
AM = Asymmetric multiplier = 1 -(.0032A)
FM = Frequency multiplier = From Table A-1
CM= Coupling multiplier = From Table A-2

NOTE: Tables A-1 and A-2 are contained in the Amjien
















various chair components and how these may be optimized to reduce stress on the spine when
seated.

The Backrest and Lumbar Support

In general, higher backrests are favored because they can effectively support more of
the body weight and distribute the load better. However, there are some circumstances in which
a lower backrest should be used in order to allow movement of the shoulders. This is often
required in mobile equipment when operators must turn to look behind them in vehicle operation.
If a high-level backrest is possible, the backrest height should be 35 in to accommodate a large
male, measured from the back end of the seat pan. Medium-level backrests need to be 25 in high
for proper shoulder support. Low-level backrests should be at least 15 in high [Pheasant 1986].
Low back stress is reduced the farther back one is reclined; however, a compromise usually
must be made so that a seated worker can see what he or she is working on or where he or she
is going. The seat pan-backrest should be greater than 90°, and if forward visual attention is
required, a backrest of up to 105° can be maintained. As mentioned previously, backrests that are
more reclined than this will reduce stress on the low back, but may inhibit the ability to see what
is going on in front of the body.

Seats should provide lumbar support to maintain (as far as possible) a hollow in the low
back region. This is necessary to maintain a proper curve in the lumbar spine. The depth of the
lumbar support curve should be approximately 0.6—0.8 in from front to back and the maximum
convexity should occur approximately 9 in above the seat pan (Figure 37). It is preferable that
the degree of lumbar support be adjustable.

| SeatPan]

Figure 37.—Suggested dimensions for design of lumbar support. Maximum depth of the lumbar support
(A) should be 0.6-0.8 in. The maximum convexity (B) should occur at a height of 9 in. above
the seat pan. The seat should allow adjustment of these dimensions for proper st.
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Work Duration
Frequency
Lifts/min <lhr >1but<2hr >2but<8hr
G)
V<30 V> 30 V<30 V > 30 V<30 V> 30
0.2 1.00 1.00 .95 .95 .85 .85
0.5 .97 .97 .92 .92 .81 .81
1 .94 .94 .88 .88 .75 .75
2 91 91 .84 .84 .65 .65
3 .88 .88 .79 .79 .55 .55
4 .84 .84 72 .72 45 .45
5 .80 .80 .60 .60 .35 .35
6 .75 75 .50 .50 .27 27
7 .70 .70 42 42 .22 .22
8 .60 .60 .35 .35 .18 .18
9 .52 .52 .30 .30 .00 .15
10 .45 45 .26 .26 .00 .13
11 41 41 .00 .23 .00 .00
12 .37 37 .00 .21 .00 .00
13 .00 .34 .00 .00 .00 .00
14 .00 31 .00 .00 .00 .00
15 .00 .28 .00 .00 .00 .00
>15 .00 .00 .00 .00 .00 .00
Coupling Coupling multiplier
Types V > 30 in (75 cm) V > 30in (75 cm)
Good 1.00 1.00
Fair 0.95 1.00
Poor 0.90 0.90
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