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CHAPTER 2

BASIS FOR GUIDE: EPIDEMIOLOGICAL APPROACH

Arun Garg

Epidemiology can be defined as the science or discipline of the
occurrence of illness in human populations including factors
that influence and predict these patterns. The role of
epidemiology in controlling low-back pain is to clarify the
natural history and clinical course of the pain and to identify
workplace and individual factors of importance (Andersson.
1981). This assumes that a set of factors is associated with
low-back pain. Thus. epidemiology can play an important role in
instituting preventive measures and eliminating riSk factors.

One of the most serious and persistent problems in occupational
medicine has been that of low-back pain (Brown. 1973). The
importance of low-back pain syndrome is due to its high
prevalence in the workers. and its effect on them in terms of
pain and disability. Low-back pain is one of the most frequent
and disabling conditions affecting workers in their productive
years. In the United states. impairments of the back and spine
are the most frequent cause of activity limitation in
individuals less than 45 years old. and these conditions rank
third. after heart disease and arthritis and rheumatism. in
persons who are 45 to 64 years old (Kelsey et al .• 1979).
Further. recurrences are frequent. and three or more episodes
have been reported in 30\-70\ of the afflicted patients (Hult.
1954; Horal. 1969; Bergquist-Ullman and Larson. 1977). It is
generally recognized that probably up to 80\ of all peo9ie will
experience back pain to some extent in their active life (Hult.
1954; Horal. 1969; Nachemson. 1976; Andersson. 1981; Snook.
1985). Further. low-back pain affects quality of life
(Andersson. 1979); one out of 25 men changes his work because of
low-back pain (Taylor. 1976); and it results in early retirement
and disability pensions (Andersson. 1981).

According to Rowe (1983). "low-back pain is common symptom of
many diseases affecting organs of lower abdomen and pelvis as
well as soft tissues and bones and joints of the spine."
Multiple causes. both in and around the spine. can contribute to
the production of low-back pain (LBP). Back pain is a clinical
manifestation that can be caused by a variety of known diseases
and morphological changes (Bergquist-Ullman and Larson. 1977).
However. the underlying pathaphysiology for back pain is
unfortunately unclear. Rowe (1983) believes that it is not
possible to make a definite diagnosis in the majority of cases
in their early phases. The likelihood of identifying a specific
cause for lOW-back pain is very small. in the order of 5-10\
(Frymoyer et al .• 1980) and a definite structural diagnosis can
be reached in no more than 50\ of all cases (Pope et al .. 1979).
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The problem is further complicated by the frequent presence of
multiple causes in the same patient (Rowe, 1983). Further,
there is a wide variation in individual patient response to
seemingly similar degrees of pathological changes in the low
back. This makes it difficult to judge even the severity of the
condition. Lack of satisfactory etiological understanding and
the inability to give a precise diagnosis are severe obstacles
in the prevention, treatment and prognosis of low-back pain and
disability.

LOW-BACK PAIN, IMPAIRMENT. DISABILITY AND COMPENSATION

A distinction should be made between low-back pain, low-back
impairment, low-back disability and low-back compensation
(Snook, 1985). Low-back pain is generally defined as
lumbosacral pain as well as buttock pain and leg pain. It can
be acute as well as chronic pain. Low-back impairment
represents a decrease or loss of ability to perform various
musculoskeletal activities. The decrease in ability is
dependent upon the severity of low-back pain. Low-back
disability is defined as the time lost from the job, or
assignment to restricted duty. Low-back disability is very
dependent upon the nature of the job (Rowe, 1983; Snook, 1985;
Stubbs et al., 1986). Low-back compensation is reimbursement
for lost wages and is dependent upon the nature of the
compensation laws. These compensation laws vary from country to
country and, in the United States, from state to state.
Therefore, the same low-back disability may be compensatory in
one state, but not in another. Some studies have shown that the
physical demands of the job have little effect on the incidence
of low-back pain, but have a much greater effect on the
incidence of low-back disability and low-back compensation
(Hult, 1954; Magora and Taustein, 1969; Cust et al., 1972;
Bergquist-Ullman and Larson, 1977; Rowe, 1983). For example,
Hult (1954) reported that 53\ of the workers in the light
occupations and 64\ of the workers in the heavy occupations
experienced low-back pain but low-back disability in the heavy
occupations was twice as much as in the light occupations. Cust
et al, (1972) found little difference between nurses and
teachers in overall prevalence of low-back pain. However, LBP
came earlier in nurses and was largely precipitated by
occupational factors; whereas in the teachers, the incidence of
LBP gradually increased with time and it was generally
non-occupational in origin. Bergquist-Ullman and Larson (1977)
found little difference in LBP between office workers and manual
workers, but the latter group had a significantly longer period
of disability during the initial and recurring episodes of LBP.
Rowe (1983) believes that normally a sedentary worker might be
able to perform with a level of low-back impairment which would
be disabling for a person with a heavy job.
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Rowe (1983) believes that the real objective should be to
minimize low-back disability. Snook (1985) also believes that
the primary emphasis should be to (i) reduce the number of
painful episodes triggered by the job. (ii) allow the worker
with the LBP to stay on the job longer. and (iii) permit the
worker with LBP disability to return to the job sooner.

CAUSES OF LOW-BACK PAIN

Several different causes of LBP have been identified (Table
2.1). The most common diagnoses include lumbosacral strain and
sprain. postural LBP. muscular inSUfficiency. "sprung back."
sacroiletis. annular tears. building disc. degenerative spinal
disease. or simply "low-back syndrome" (Benn and Wood, 1975).
The most common cause of nonspecific LBP is the degeneration of
intervertebral disc (Rowe. 1983). The general attributes of
idiopathic LBP are the absence of true sciatica, an increase in
pain with increased physical activity and relief with rest
(Bergquist-Ullman and Larson. 1977: Damkot et al., 1984).

There in a considerable disagreement as to the cause of LBP
(such as muscular deficiency, degeneration of intervertebral
disc, facet joint theory, etc.). Kraus (1965), Chaffin et al.
(1978), Horal (1969), Cady et al. (1979), Wiesel et al. (1984),
and Mayer et al. (1985), etc., have indicated (directly or
indirectly) muscle weakness as the cause for LBP. Horal (1969)
found that lumbar spine inSUfficiency was most common in the
young-age group, later lumbago set in and became predominant
while sciatica developed still later and progressed with
increasing age up to 59 years. Klein et al. (1984) reported
that muscle strains and sprains constituted the largest single
category of back injuries and accounted for 87\ of all back
compensation claims. Wiesel et al. (1984) reported that the
majority of patients were diagnosed as having back strain. Hult
(1954), Kellgren and Lawrence (1952) and Horal (1969) reported
that more severely affected subjects had degenerative diseases
of the spine, including disc disease with or without nerve root
involvement and degeneration of the facets. Spangfort (1972)
reported that the degree of disc herniation was the single most
important factor for the incidence of persistent LBP. Rowe
(1963. 1969) and Kelsey and Ostfeld (1975) reported that the
prolonged intermittent LBP was often attributable to disc
disease.

However. the relationship between the occurrence of disc
degeneration and LBP is controversial. Disc degeneration per se
is not symptomatic and is a more or less physiological aging
phenomenon (Lawrence. 1969: Bergquist-Ullman and Larson, 1977:
Andersson. 1981: Rowe. 1983: Pope et al .• 1984). Degenerative
discs are found in 10\ of persons between the ages of 20 to 29.
and there is an increase with age to 96\ in those over the age
of 60 (Lawrence, 1969). Though, there is a lack of conclusive
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Table 2.1: Possible causes of low-back pain (Rowe. 1983)

A. Referred Pain from Abdominal or Pelvic Organs

1. Urinary Tract (kidney. ureter. bladder, prostate)
2. Gastro-Intestinal Tract (ileum. colon. rectum)
3. Female Genital System (uterus. ovaries. cervix)
4. Vascular system (aneurism. arterial insufficiency)

B. Pain Originating in the Spine

1. Abnormalities of Bony Structure
a. Segmentation errors (4 or 6 lumbar,

transitional vertebrae)
b. ossification defects (spondylolysis,

spondylolisthesis)
c. Dimension and angulation defects

2. Functional Abnormality
a. Anterior-posterior trunk imbalance (pregnancy.

potbelly obesity, pelvic tilt, poor workplace
design)

b. Lateral trunk imbalance (spine curvature,
hearing or vision impairment. poor workplace
design)

3 . I nf 1amma t ion
a. systemic infection or toxicity
b. Infection of bones or joints (osteomyelitis.

tUberculosis)
c. Arthritis (ankylosing spondylitis, rheumatoid)

4. Metabolic or Hormonal
a. osteoporosis (post-menopausal. hyperthyroid or

hyperparathyroid)
b. Diabetes, gout, Paget's disease

5. Degenerative (discs, facet joints)

6. Tumor
a. Primary of bone (multiple myeloma. hemangioma, etc.)
b. Primary of spinal cord or nerve roots
c. Metastases from other organs (breast, lung,

prostate. etc.)

7. Injury
a. Fracture of vertebral bodies or processes
b. Sprains (ligaments) and strains (muscles)
c. Acute rupture of disc
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evidence, but there are a number of indirect indications that
the disc plays a central role in the etiology of LBP (Nachemson,
1971). Also, back pain appears to be more frequent in those
having severe degenerative changes involving several discs
(Hult. 1954; Caplan et al .• 1966: Rowe, 1963, 1965, 1969:
Lawrence. 1969: Magora and Schwartz, 1976: Torgerson and Dotter,
1976: Wiikeri et al., 1978). The situation is less clear in
moderate or light degeneration (Splithoff, 1953: Hult, 1954:
Hirsch, 1969: Horal. 1969: Mogora and Schwartz, 1976) and some
studies have reported no strong association between disc
degeneration and LBP (Splithoff, 1953: Horal, 1969: Mogora and
Schwartz, 1976: Pope et al .. 1984). Disc degeneration has also
been reported to be more frequent in workers who do heavy manual
work (Hult. 1954: Kellgren and Lawrence. 1952: Lawrence. 1969).
although the nature of the stress inducing the degenerative
changes is not clear (Andersson, 1981). Also, it is not clear
why some people with degenerative disc changes suffer LBP or
become disabled and others do not. Although it is widely
believed that disorders of the lumbar intervertebral disc may be
the most common single factor to which back and sciatic pain may
(directly or indirectly) be ascribed, there are a growing number
who consider that disorders of the apophyseal joints are of
equal importance (Farfan et al .• 1970; Lamy et al., 1975;
Fiorini and McCammond, 1976; Farfan et al., 1976. Pope et al ..
1984: Gracovetsky, 1986). At present, it is misleading to
select a single factor for the etiology of LBP. Distinctions
which exist between these "causes" in theory are not always
distinguishable in practice. As stated earlier. multiple causes
can contribute to the production of LBP.

A musculoskeletal injury can be triggered by a direct trauma, a
single overexertion, or repetitive loading. The strengths of
various tissues are affected by such factors as age, fatigue,
and concomitant diseases and, therefore, an injury can occur at
different loading levels (Pope et al .• 1984). In single
overexertion injuries and repetitive loading. failure usually
occurs at one level while in the case of direct trauma, several
different structures can be damaged at the same time. Fatigue
failure may not become obvious until complete failure occurs and
the final event may be trivial (Pope et al., 1984).
Bergquist-Ullman and Larson (1977) reported that the onset-of
back pain was sudden in 44\ of the group while 56\ of the
patients reported a more insidious onset. The insidious group
also had a longer duration of the initial episode.

Generally, an injury will heal if given sUfficient time. Based
on a selected population of patients (acute and subacute LBP,
duration of pain before entry ~ 3 months and a pain-free year
before the onset of current episode), Bergquist-Ullman and
Larson (1977) reported that the pain disappeared within 1 month
in 35\ of the patients, within 2 months in 70\ and within 3
months in 86\ of the patients. An initial episode of pain
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lasting more than 6 months was found in 6\ of the patients.
while 4\ still experienced pain after 1 year. More importantly.
62\ of the patients had one or more recurrences of pain during
the year of observation: 52\ of the patients with acute pain
changed their jobs: and the intensity of the pain at the first
visit was no indication of the duration of pain
(Bergquist-Ullman and Larson. 1977).

COMPARATIVE ANALYSIS OF RISK FACTORS: SOME CONCERNS

A voluminous literature exists in which almost every possible
contributing factor has been studied. However. there are
conflicting studies practically on most. if not all. risk
factors identified in the literature. Direct comparisons
between epidemiologic studies are often methodologically
difficult. A comparative review is almost impossible because
the variables studied (such as parameters chosen. population
examined. methods of sampling and data collection. occupations
studied. task and time scales. etc.) rarely coincide (Troup and
Edwards. 1985). Studies are confounded by the high prevalence
of LBP in the general population. the wide range of back
disorders. its non-specific nature and its frequent association
with non-occupational factors. The relationships between the
LBP and the risk factors may become more apparent if a precise
and accurate measure of outcome were available (Frymoyer et al ..
1983). There is also an inherent problem in the epidemiological
studies that the observed associations between the LBP and the
variables studied may not be causal. It is impossible to
determine whether some of the observed relationships were
causal. or whether the workers had modified their behaviors.
their activities and occupational demands because of low-back
pain. There is also the possibility that some of the
relationships may be coincidental as significant differences may
occur by chance alone when several variables are tested against
each other. These indications of possible correlations need to
be validated by prospective studies. Therefore. caution is
warranted in interpreting the data. In addition to the above
concerns. the following problems are identified with the
epidemiological data in the hope that future studies may address
them in more detail:
(1) There is lack of consistency among investigators of

back injuries or LBP with regard to definition of
terms. Different definitions of low-back pain have
been used. A clear distinction between low-back
pain. low-back impairment. low-back disability and
low-back compensation has not been maintained. It is
widely believed that there is a significant
difference in the four measures. Similarly. some
studies have included chronic cases while others have
studied acute or subacute cases or both.
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(2) Different epidemiological measures and time scales
were used to quantify the extent of low-back problems
in groups of people (lifetime prevalence, period
prevalence, point prevalence, incidence ratio,
incident rate, etc.). Some researchers believe that
different measures are assessing different back pain
conditions (Stubbs et al., 1986).

(3) Some studies are based on a single population,
occupation or restricted data base (individual
insurance companies, specific industrial settings or
samples from nationalized health systems) and,
therefore, the sample may not be representative of
the general population. Lack of controlled studies
and differences in the methods of statistical
analysis used compound the problem.

(4) In general, studies have relied on self-assessments
of physical workloads by the subjects. Uhl et ale
(1987) found that the workers perceived themselves to
do much more physical work than the observational
data could support. For example, the most frequently
reported number of patient lifts by the nursing
personnel on self-report was ten and the most
frequent number of patient lifts by observation was
zero. Similarly, Stubbs et ale (1986) found large
and significant differences between sUbjective and
observed estimates of time spent in working postures.

(5) Generally, the work has been arbitrarily classified
as light, moderate or heavy. Rarely, task variables
have been quantified and mechanical load on the spine
has been defined and measured.

(6) There is an interactive effect between various
personal and task variables. Both somatic and
psychological variables may act at the same time and
may influence one another (Dehlin and Berg. 1977).
Since different workplace factors are often present
at the same time, the association with a single
factor is difficult to establish because of the
interaction between them.

(7) There is a concern that the data derived from
compensation claims may have an inherent bias
(Venning et al., 1987). It rewards work-related
causation but does not show temporary non-compensable
disability. A patient is more likely to attribute
LBP to a specific occupational event if there is a
potential form of compensation (Damkot et al .•
1984). Further. time off work may be more a
reflection of the demands of the job than the
severity of the back pain (Stubbs et al .. 1986).
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Many sufferers will attribute a cause to an episode of pain.
Such associated events, in fact, could be triggers and the true
cause may lie in cumulative events.

NEED

Knowledge on workplace and individual factors is far from
complete. Certainly, there is a need for long-term, prospective
and controlled studies of large samples of many variables to
identify workplace factors from which individuals must be
protected. Prospective studies are needed so that factors
contributing to the development of low-back pain can be
differentiated from factors resulting from low-back pain.
Nevertheless, this current knowledge about risk factors is our
only basis for controlling back injuries and for planning safety
strategies (Bigos et al., 1986). There is also a need for
developing an improved standardized reporting system in order to
monitor the low-back problem.

RISK FACTORS

Many personal and job factors have been studied to determine
their association with the incidence and prevalence of low-back
complaints. These are summarized in Table 8.2. The capacity to
perform the physical work varies considerably not only from
individual to individual but within any given individual over
time. Furthermore, the limitations of this capacity are complex
and interrelated. similarly, many aspects of the physical act
of manually lifting a load have been identified as potentially
hazardous to a person's musculoskeletal system. Understanding
the relationship between these individual and job factors and
the resulting riSk of injury to the worker is a prerequisite to
the development of schemes for safe workplace designs and
placing people in jobs which do not compromise their health and
safety. The following is a brief description of personal and
job risk factors.

PERSONAL RISK FACTORS

Age

Age brings a reduction in the range of lumbar spinal motion,
decline in muscle strength and aerobic capacity, slowing of
muscle contraction speed, a decrease in mineral bone content,
loss of gel from the nucleus, and an increase in the amount of
disc degeneration and an increase in body weight. However,
there is a wide variation in both the physiological and
anatomical changes associated with aging.
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Table 2.2: Risk factors identified in the literature

Personal Risk Factor

Age

Gender

Anthropometry
(body weight, height)

Physical Fitness and Training

Lumbar Mobility

Strength

Medical History (repeated episodes
of low-back pain)

Years of Employment

Smoking

Psychosocial Factors

Structural Abnormalities

Job Risk Factor

Heavy Physical Work

Lifting (weight, location,
dimension, frequency
duration, etc.)

Bending, Stretching and
Reaching

Twisting

Pushing and Pulling

Prolonged Sitting and
Standing

Accidents

With the usual exception of childhood and adolescence, LBP is
common to all age groups. Some studies have shown that age has
no significant association with back pain, back abnormalities or
time off from work (Magora. 1970; Chaffin and Park. 1973; Kelsey
and Ostfeld, 1975; Frymoyer et al .. 1983; Astrand. 1987; Uhl et
al., 1987). A few studies have reported that younger workers are
at a higher risk for back injuries (Ward et al .• 1968; Horal,
1969; Blow and Jackson, 1971; Stubbs and Nicholson, 1979; Afacan.
1982; Bigos et al., 1986). Lack of experience or training in
handling loads and a tendency to take substantially greater
physically demanding tasks are offered as some of th~ reasons for
a higher incidence of LBP among younger workers. On the other
hand, the majority of studies has shown that the prevalence of
back pain (point and lifetime prevalence, incident rate. etc.)
increases with an increase in age up to a certain age (Figure
2.1) (Hirsch et al., 1969; Magora. 1970; Karvonen et al .. 1980;
Porter et al., 1980; Biering-Sorensen, 1982; Valkenburg, and
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Haanen. 1982: Rowe. 1983: Owen and Darmon. 1984: Videmann et al .•
1984). Whether this is because older workers are not as likely
to be exposed to injury producing stresses of manual materials
handling, or whether only those older workers who have survived a
rigorous history of earlier stresses remain in the workforce. is
not clear.

40

PERCENT
LOST TIME
DUE TO
LOW BACK

30

(MALE)

D"
20·29 30·39 40·49 50-59 60-65

AGE GROUPS

40

PERCENT
30 MALE WORK

FORCE AT
RISK

10

Figure 2.1: Lost time by age. (Men in their thirties and
forties. who constitute 46\ of the total male work
force, account for 71\ of lost time from work
attributable to low-back conditions (Rowe. 19B3)).

The highest incidence of LBP occurs in the thirties and/or
forties (Caplan et al .• 1966: Hirsch et al .• 1969: Rowe. 1969:
Brown. 1973: Kelsey and Ostfeld, 1975: Biering-Sorenson. 1982).
Most patients who have operations for disc herniations are in
their thirties and forties (Rowe. 1965: Spangfort. 1972; Pope et
al .• 1984). The 31 to 40 year old age group is most susceptible
to high cost back injuries (Bigos et al .• 1986). However.
long-term disabilities and recurrences are more pronounced in the
older age group. about 45 to 70 years of age (Hirsch et al ..
1969: Horal. 1969: Haber. 1971, Wood and McLeish. 1974: Dehlin et
al .• 1976). Rowe (1969) believes that LBP attacks usually begin
in the late twenties or early thirties, reach a maximum frequency
and intensity in the late thirties and forties. and then taper
off in the fifties and become more infrequent in the sixties.
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During the twenties and early thirties LBP is likely to appear as
a series of sUdden acute attacks of short duration and recovery
is usually prompt (3 to 10 days). Around the mid and late
thirties the pain is more localized. In the forties. radiation
of pain down the back of a leg is a frequent occurrence showing
positive neurological findings (Row. 1983).

In summary. it appears that (i) LBP usually begins early in life.
(ii) the maximal frequency is between the ages of about 35 to 55
years. (iii) recurrences. duration of symptoms and disability
increase with increasing age. and (iv) maximum disc surgeries
occur between 35 and 45 years of age. Age must. therefore. be
viewed as a potential risk factor but the exact form of this risk
is not yet fully understood.

Gender

In general. women have lower strength and aerobic capacity than
men. Female to male strength ratios range from 35\ to 74\ (Troup
and Chapman. 1969; Laubach. 1976; Chaffin et al .• 1977; Yates et
al .• 1980; Pheasant and Grieve. 1981; Griffin et al .• 1984; Garg
et al .• 1988). It appears that on the average. women's lifting
strengths (primarily arm and torso strengths) are about 60\ of
men's (Asmussen and Heeboll-Neilson. 1962; Troup and Chapman.
1969; Petrofsky and Lind. 1974; Laubach. 1976; Chaffin et al .•
1977: Snook. 1978). Hence. if asked to handle moderate to heavy
loads. the average woman is more highly stressed than the average
man relative to their strengths. Similarly. on the average. a
female's aerobic capacity is about 70\ of that of a male (Astrand
and Rodahl. 1977). The average female is more likely to be
fatigued than the average male on those jobs where energy
expenditure requirements are moderate to high. However. there
are large variations in the strengths and aerobic capacities of
both males and females. In other words. there are females who
have significantly higher strength and/or aerobic capacity than
those of an average male. Gender. thus. becomes secondary to
strength and endurance factors per se.

LBP appears as frequently in females as in males (Horal. 1969;
Svensson and Andersson. 1982: Valkenburg and Haanen. 1982).
There are no differences between men and women regarding duration
of back pain and subsequent absence from work (Bergquist-Ullman
and Larson. 1977). Hirsch et al. (1969) found a lower frequency
of LBP among females than in males. However. when the work
situation is taken into account. the pattern may change due to
the above mentioned reasons. For example. Magora (1970) reported
that 35\ of the women in physically heavy jobs had LBP as
compared to 19\ of the males. Brown (1973) reported similar
results. In Sweden. there are higher absence rates in women with
physically heavy work than in men doing the same job (Pope et
al .. 1984). Bigos et al. (1986) reported that women tended to
have a higher-than-expected number of high cost claims but
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lower-than-expected number of low cost claims. Leavitt et al.
(1971) and Snook et al. (1978) also reported that women comprised
a large percentage of expensive back claims. However. the above
statistics are not supported by others. Chaffin and Park (1973)
studied both men and women performing equally demanding
light-to-moderate load handling jobs and reported an equal
incidence of LBP cases. Operations for disc herniations seem to
be performed about twice as often in males as in females
(Spangfort. 1972; Brown. 1973; Kelsey and Ostfeld. 1975;
Lawrence. 1969: Weber. 1983). Workers' compensation claims show
that about 75\ to 80\ of back injury claims are filed by males
(Leavitt et al .• 1971: Snook et al .• 1978: Woodyard. 1980;
Johnston. 1982: Klein et al .• 1984). It is not clear why men
have a greater number of surgical cases for herniated lumbar
intervertebral discs and worker's compensation claims.
Partially. it may be because more men traditionally have jobs
with heavier physical demands than women (Bergenudd and Nilsson.
1988). Chaffin and Park (1973) reported that women were found to
be working on jobs with lifting strength rating (LSR) values of
about 63\ of the men's.

Future studies are needed to study the effect of gender on LBP.
while controlling the job physical demands. Based on the current
knowledge. it does not appear that gender is a significant risk
factor.

Anthropometry

Body weight. stature and body build have been studied to
determine their effects on an individual's risk of an injury
during manual materials handling. In general. a heavier person
is usually stronger than his lighter counterpart and usually has
the mass necessary to counter-balance the handling of large
objects (Troup and Chapman. 1969; Konz et al .• 1973; Chaffin et
al .• 1976). When lifting. a heavy person may transmit some part
of the vertical force directly through the abdomen and thighs to
the lower limbs when these parts are in physical contact with the
object (Troup and Edwards. 1985). Body weight is also a major
factor for most pushing and pUlling activities. However. body
weight has a direct effect on energy expenditure while lifting
and carrying loads (Garg et al .• 1978). A heavier person would
have a greater metabolic rate and concommitant circulatory load.
which would lead to earlier fatigue (Petrofosky and Lind. 1974).
Further. obesity prevents carriage of the loads close to the body
and may result in greater compressive force on the low-back while
lifting and carrying. Also. there is a very wide range of
strength in each subgroup. regardless of age. sex. body weight.
stature or body build. etc.

Anthropometric data are conflicting. but in general indicate that
there is no strong correlation between stature. body weight. body
build and LBP. Some studies have reported that people with
back-pain are. on the average. taller than those without it
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(Rowe, 1965: Tauber, 1970: Gyntelberg, 1974: Kelsey, 1975:
Merriam et al., 1983: Biering-Sorensen. 1983). Taller persons
often complained of back-hip sciatic pain and had more severe
radiological changes. However. height did not appear to play an
important role in determining the onset and progress of disc
degeneration (Lawrence, 1955).

Brown (1972) suggested that excessive weight made an individual
more susceptible to back symptoms. Cust et ale (1972) reported
that nurses who were relatively underweight and those who were
overweight had a higher prevalence of LBP than those in the
normal range. Ikata (1965) and Karvonen et ale (1980) reported
that obesity was associated with backache. However. the bulk of
epidemiological studies have not been able to support the notion
that neither fat nor thin nor tall nor short people are at a
signficantly higher riSk of LBP (Hult, 1954: Hirsch et al .• 1969:
Westrin et al .• 1972: Chaffin and Park. 1973; Svensson and
Andersson, 1982).

It is concluded that the selection of individuals for manual
materials handling jobs based on their anthropometry is not
justified in terms of low-back pain incidence rates. There is.
however. the need to design workplaces based on anthropometric
dimensions of U.S. population in terms of reach. mobility and
strength. Further. those jobs that do not allow for a large
range of anthropometric variation in the population should be
identified and specific function limiting dimensions shoUld be
stated in the job descriptions.

Physical Fitness and Training

It is widely believed that there would be a reduction in injuries
and an increase in capacity for work with an improvement in
physical fitness. However. it is not clear exactly what this
training should be and how it can be given to the naive worker
without harm. Individuals with high aerobic capacity may be fit
for those jobs which require high oxygen uptake. but will not
necessarily be fit for those jobs Which require high static and
dynamic strengths and vice versa. In general. fitness for most
physical activities requires combinations of strength. endurance.
flexibility, musculoskeletal timing and coordination (Cady
etal .. 1979).

Kraus (1967) believes that more than 80' of low-back pain is due
to lack of adequate physical activity. Astrand (1987) reported a
strong association between back pain and perceived health and
general working capacity. Cady et ale (1979) evaluated male fire
fighters and concluded that physical fitness and conditioning had
significant preventive effects on back injuries (least fit 7.1'
injured. moderately fit 3.2' injured and most fit 0.8' injured).
But the most fit group suffered the most severe back injuries.
It is possible that more physically fit individuals may have a
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higher tolerance for minor injuries and, therefore, a higher
threshold for injury reporting. In this regard, Brooke (1967)
and Scott and Gijsbers (1981) did find an association between
athletic performance and pain tolerance.

Based on extensive functional restoration program (specific
exercises, training in functional tasks, work hardening,
education, psychological counseling, etc.), Mayer et ale (198S)
reported that approximately 80\ of the chronic LBP patients
showed improvement in the functional capacity measures and
psychologic measures, and about twice the number returned to work
as compared to the comparison group.

Other studies have found that physical fitness and training had
either little or no effect in preventing back injuries. Dehlin
et ale (1978, 1981), based on the effect of training to increase
trunk and quadriceps strengths, reported that increased strengths
resulted in a perceived reduction of workload and back symptoms
were shorter in duration but not less frequent or intense. They
concluded that the effect of training on low-back symptoms was
negligible. Cox et ale (1981) concluded that given 20\
participation in an exercise class, there is a potential for a It
reduction in payroll costs resulting from reduced turnover and
absenteeism. Kelsey (1975) reported that insufficient physical
exercise, as well as participation in some sports (baseball, golf
and bowling), were marginally associated with the risk for the
development of a prolapsed lumbar disc. Videmann et ale (1984)
found no difference in prevalence of back pain between those who
were and were not physically fit. The study found that those who
exercised two to three times weekly had a higher prevalence of
sciatic symptoms than those who did so less often.
Bergquist-Ullman and Larson (1977) found no difference in the
course of back pain or rate of recovery from acute LBP episodes
with improved physical fitness. Similarly, Frymoyer et ale
(1983) found no difference between occurrences of LBP and a
variety of sporting activities (tennis, football, baseball.
basketball. downhill skiing and snowmobiling). On the other
hand, cross-country skiing and jogging were associated with
complaints of moderate non-disabling pain. Further, subjects
with severe LBP had participated in sport activities during
adolescence to the same degree as asymptomatic patients and those
with mild pain. but had become relatively less activ~ in later
years.

In summary, the importance of physical fitness and training in
reducing musculoskeletal injuries is generally accepted in the
literature. However, epidemiological literature at present does
not support the use of physical fitness and training as a primary
criterion for preventing musculoskeletal and back injuries.
Injuries from training and physical fitness programs are frequent
and benefits and risks from these programs are not quite clear.
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Luabar Mobility

Presence of back pain may cause restriction in back movements,
especially flexion, but lumbar stiffness itself may not interfere
with normal activities, provided that the mobility of the hips
and thoracic spine is unimpaired (Troup and Edwards, 1985). Most
LBP patients also complain of increased pain when bending forward
or extending their trunk. Increase of pain is not frequent in
other planes of motion (lateral flexion and rotation)
(Bergquist-Ullman and Larson, 1977). There is no evidence that
the reduced spine mobility is a risk factor in the causation of
low-back pain.

Horal (1969) found "normal mobility" (based on finger to floor
distance on bending with straight knees) in 96\ of individuals
with no recent back pain and in 82\ with recent back pain.
Biering-Sorensen (1983) reported that the reduced flexibility of
the back was more pronounced in subjects who experienced
recurrences of LBP. Bergquist-Ullman and Larson (1977) did not
find decreased lumbar flexion to have any influence on the risk
of occurrence and duration of a LBP episode. Karvonen et al.
(1980) found no strong relationship between lumbar mobility and
subsequent back pain. Wickstrom et al. (1978) reported that
restricted lumbar mobility was more closely related to age than
to back pain.

Strength

Muscle strength has long been considered of importance in
relation to LBP. Measurements of trunk strength have been used
to determine if there are differences between subjects with and
without LBP. Workers' strengths in relation to job physical
requirements have also been studied to determine future risks of
musculoskeletal and back injuries. This is discussed later in
this chapter under prevention of low-back pain.

Many investigations have established that patients with LBP have
lower mean trunk strength than healthy SUbjects (Alston et al.,
1966; Nachemson and Lindh, 1969; Pedersen et al., 1975; Nummi et
al .• 1978; Berkson et al .• 1977; Addison and Schultz. 1980; Hasue
et al .• 1980; McNeil et al .• 1980; Nordgren et al., 1980;
Langrana et al .• 1984; Mayer et al .• 1985). McNeil et al. (1980)
reported that both male and female patients with LBP and/or
sciatica had approximately 60\ of the trunk strengths of the
healthy SUbjects. Jorgensen and Nicolaisen (1987) found that the
trunk extensor strength was independent of a person's earlier
low-back episodes but the isometric endurance time was shorter in
those with LBP to a degree that made work impossible than in
others. Failure or poor performance in dynamic strength tests of
trunk muscles (such as sit-up) is more common in those with
previous back trouble (Rowe, 1971; Nummi et al .. 1978; Troup and
Edwards. 1985). However, this predictive value is not
established.
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Rowe (1963) reported that when patients were retested a few days
later after clearing of the severe pain, some patients showed
normal abdominal strength. Similarly, Nachemson and Lindh (1969)
reported that those male patients who were incapacitated less
than one month did not have significantly lower strength than the
control groups. However, those who had been inactive for more
than one month had lower extension and flexion strengths. The
study concluded that the strengths of spinal and abdominal
muscles are of doubtful importance for the prevention of low-back
syndrome.

Muscle strength may be influenced by many factors, such as age,
height, body weight, training, motivation and fear of pain, etc.
Prolonged inactivity imposed by pain resulting in deconditioning.
disuse and immobilization (bracing of back) appears to be a major
cause for weak trunk flexors and extensors observed in chronic
low-back patients (Alston et al., 1966: Nachemson and Lindh,
1969: Mayer et al., 1985). This appears to be true even though
the initial syndrome might have been caused by acute mUscle
strain, disc disease or other organic disorder (Alston et al.,
1966). Another major factor for reduced strength appears to be
fear of pain and/or injury, intensified by psychological factors
such as anxiety and somatization especially in chronic lOW-back
patients (Alston et al., 1966: Nachemson and Lindh. 1969: Mayer
et al., 1985). Pain can produce neuromuscular inhibition, joint
splinting and lowered performance. Mayer et al. (1985) believe
that there is some conscious effort on the part of some LBP
patients to mislead the analyst.

The strengths of trunk flexors and extensors without relating
these to job physical requirements are apparently of little
significance in determining riSk of future injury. It is not
clear whether the trunk muscle weakness is the cause. effect or
mere accompaniment of the low-back pain (Rowe, 1963). Though the
mean values for normal healthy subjects tend to be more than for
patients with back pain. there is a considerable overlap in
isometric trunk muscle strength between those with and without
LBP (Alston et al .. 1966: Nachemson and Lindh, 1969; Berkson
et al., 1977). Some SUbjects in both groups show similar
strengths.

Medical History

Those with a history of back pain have a greater prevalence of
back pain and prolonged disability (Lawrence, 1955), Recurrence
of back symptoms are reported as high as 85' (Rowe, 1969:
Nachemson, 1982) and as high as 50 to 60\ in the first year after
treatment (Bergquist-Ullman and Larson, 1977: Troup et al.,
1981). Rowe (1983) found that 72\ of the patients had a history
of one or more episodes of lOW-back disability prior to the
compensable incident. It is widely agreed that a previous
history of back or sciatic pain is one of the most reliable
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predictive factors for subsequent work related back problems
(Dillane et al .• 1966: Rowe. 1971: Karvonen et al .• 1980:
Nordgren et al .• 1980: Troup et al .• 1981. 1987: Lloyd and Troup.
1983: Biering-Sorensen. 1983). Hult (1954) and Rowe (1969)
recommended that good medical histories are necessary to
determine personal risks of incurring repeated episodes. Chaffin
and Park (1973) found previous history of LBP to be associated
with an increased risk of low-back injury. The study recommended
that if a person has a history of repeated LBP episodes. he/she
should not be engaged in jobs requiring heavy lifting. It is
concluded that the repeated episodes of LBP are a significant
risk factor for heavy physical work.

Years of Employment

Some people believe that the lack of experience is associated
with the risk of a musculoskeletal injury. However.
epidemiological data does not support the above notion. Caplan
et ale (1966) and Uhl et ale (1987) did not find length of
employment to be a significant factor. Bergquist-Ullman and
Larson (1977) reported that only 4\ of the patients had been
employed for less than one year and 28\ had been employed for
more than ten years. Harley (1972) reported that a majority of
cases appeared after fifteen to twenty-five years at work.
Magora (1970) found a positive relation between years of
employment and frequency of back pain. Wiikeri et ale (1978)
reported that the length of work exposure was strongly related to
the degree of degeneration.

Smoking

An association has been identified between smoking and LBP
(Svensson et al., 1983: Frymoyer et al., 1983: Owen and Darmon,
1984). Other studies found no association between smoking and
LBP (Biering-Sorensen. 1983: Astrand. 1987). Svensson (1983)
speculated that coughing leading to increased intradiscal
pressure was the mediary in this relationship. Biering-Sorensen,
1983) also found an association between LBP and coughing (but not
smoking). However. Frymoyer et ale (1983) found that coughing
alone was insufficient to account for the observed differences in
LBP patients. The study suggested that smoking might cause a
reduction in vertebral-body blood flow. At present, the
relationship between smoking and LBP and the role of smoking in
the production of LBP are not clear. Future stUdies are needed
on this issue.

Psychosocial Factors

Individual psychosocial factors are commonly found in patients
with LBP. Some of these factors include a history of depression.
hysteria. hypochondriasis. previous back surgery. alcoholism.
extreme religious attitudes. job dissatisfaction. low education
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level, disabled relatives, family problems, and low level of
recreational activities, etc. Although psychosocial factors are
unproven as predictors of LBP and other musculoskeletal injuries.
some people believe that psychological testing may predict an
individual's response to treatment and surgery (Sternback et al .•
1973). Others disagree (Kellgren and Lawrence, 1952: Westrin,
1970. 1973: Bergquist-Ullman and Larson. 1977, Currey et al ..
1979).

Patients with chronic and disabling LBP often show abnormal
findings such as hysteria, hypochondriasis. anxiety, emotional
stability, somatization and depression (Sternback et al .. 1973:
Bergquist-Ullman and Larson. 1977: Frymoyer et al .. 1980: Pope et
al .. 1984). The most widely used test is the Minnesota
Multiphasic Personality Inventory (MMPI). However, it is not
clear which comes first: the back disorders or psychological
problems (Sternback et al .. 1973: Magora. 1973: Dehlin and Berg.
1977: Bergquist-Ullman and Larson. 1977: Pope et al .. 1984).
Also. most of the above mentioned traits have a tendency to
become normal after successful rehabilitation (Bergquist-Ullman
and Larson. 1977).

Magora (1973) reported a higher incidence of LBP in subjects who
were not satisfied with their occupation. place of employment and
social status. Also. a higher incidence of LBP was found in
those who felt that a higher degree of mental concentration and
responsibility was required of them and those who complained of a
relatively high degree of nervousness and fatigue after work.
similarly. Dehlin and Berg (1977) reported that nursing aides
with back pain symptoms in general exhibited a lower level of
overall satisfaction with the job. perceived more negative
relations with their supervisors and workmates and perceived a
greater demand for physical and psychic strength. Other studies
have also shown that patients reporting monotony and
dissatisfaction with their jobs have a higher incidence of LBP
and a longer absence from work than the satisfied patients
(Taylor. 1968: Bergquist-Ullman and Larson. 1977: Svensson and
Andersson. 1983: Bigos et al .• 1986. Bergenudd and Nilsson.
1988). Astrand (1987) reported that back pain was associated
with occupational status. shorter education. duration of
employment. low performance on cognitive tests and neuroticism.
An association has also been reported between higher
socio-economic status and increased occurrence of back and leg
complaints (Kelsey and Ostfeld. 1975: Karvonen et al .• 1980).

Low-back pain is dependent on a variety of objective and
subjective factors and appears impossible to assess objectively.
An assessment of psychosocial factors is difficult and often
inexact (Magora. 1973). No firm conclusions about the importance
of psychosocial factors or the mechanism of the causal
association can be drawn from the results of these stUdies
(Bergquist-Ullman and Larson. 1977). It is unclear whether these
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psychologic abnormalities are the cause or the result of the
continued LBP symptoms. At present. the influence of
psychosocial factors on LBP has not been fully elucidated.

Structural Abnormalities

A number of studies have been carried out for establishing if a
relationship exists between skeletal defects. congenital or
acquired, and low-back pain. Medical literature has numerous
papers describing the relationship between certain structural
defects of the lumbosacral region and the clinical behavior of
the back. However, architectural peculiarities of bone are
fairly common and can be seen in about 40% of all lower back
x-rays (Rowe. 1983). It has been clearly established that
different defects do not necessarily give rise to back pain
(Splithoff. 1953: Hult. 1954: Rowe 1963. 1969: Horal. 1969.
LaRocca and Macnab. 1969. Redfield. 1971: Hodgson et al .. 1974:
Magora. 1975: Andersson. 1981; Troup and Edwards. 1985).

Structural defects such as SCOliosis. hyphosis. hypo- or hyper­
lordosis. leg length discrepancy. increased lumbosacral angle.
partial and complete sacralization. spina bifida occult.
osteoarthritis. spondylolysis and spondylolisthesis do not seem
to predispose LBP (Hult. 1954. Kellgren and Lawrence. 1958: Rowe.
1963, 1969: Horal. 1969: Hodgson. 1974: Magora. 1975: Magora and
Schwartz. 1976, 1978). It appears that these abnormalities. with
the exception of spondylolisthesis. have little predictive value
in determining the long-term behavior of the back. at least as a
single factor (Rowe. 1983). However. they may have a
significance as contributing causes of low-back pain and are
associated with increased risk of LBP. Sacralized transverse
process is found with approximately equal frequency in patients
and in the control population (Rowe. 1969). Spondylolysis does
not appear to bear any relation to LBP (Torgerson and Dotter.
1976). spina bifida occult appears equally frequently both in
healthy SUbjects and those SUffering from LBP (Splithoff. 1953;
Hult. 1954: Horan. 1969: LaRocca and Macnab. 1969: Magora and
Schwartz. 1976). Low-back pain appears to be more common in
subjects with spondylolisthesis (Hult. 1954: Fisher et al .. 1958;
Horal. 1969: Kettelkamp and Wright. 1971: Wiltse. 1971: Magora
and Schwartz, 1976). but there are several reports indicating the
opposite (Splithoff. 1953: Rowe. 1963: LaRocca and Macnab.
1969). Spondylolisthesis. which occurs in about 6% of the U.S.
population, does not always produce pain even over a lifetime of
heavy work and is not a definite diagnosis (Rowe. 1983).
Scoliosis has received special attention. but there is lack of
hard evidence associating sciolosis to LBP (Collis and Ponseti.
1969). The authors reported that most patients with idiopathic
scoliosis let active and productive lives despite spinal
curvatures of more than 50 degrees in 71\. However. LBP may be
more prevalent if the scoliosis is greater than 80 degrees.
especially with the vertex in the lumbar region (Andersson. 1981).
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Abnormal or asymmetrical placement of the facet joints and the
degree of forward slope of the sacrum may have some significance
as contributing factors to LBP, but there is insufficient
evidence at this point (Rowe, 1983). Normally, facet joints face
roughly in a lateral plane and check any tendency toward forward
slip of the spine. When they face in the sagittal plane, they
provide less stabilizing function, may result in increased
shearing stress and may contribute to mechanical instability
(Rowe, 1983).

osteoarthritis (growth of bony bleaks, lips and spurs from the
margins of vertebral bodies) occurs as frequently and as severely
in patients with no back pain as in those with back complaints
(Rowe, 1983). However, if the spinal canal is too small or has
an abnormal configuration, disc protrusion of degenerative bony
productive changes may produce pressure upon or may cause
entrapment of nerve root elements within the canal (Rowe. 1983).
osteoporosis (decalcification of vertebral bone) with macro or
micro fractures can cause LBP. However, osteoporosis is no more
common in subjects with LBP than in those without it (Horal,
1969; LaRocca and Macnab, 1969). Similarly, no relationship was
found between degenerative osteoarthritis and LBP (Magora and
Schwartz, 1976).

JOB RISK FACTORS

Heavy Physical Work

One of the problems in the evaluation of the relationship between
heavy physical work and LBP is the difficulty in defining and
quantifying heavy physical work. Most studies have someWhat
arbitrarily classified occupations as light, medium and heavy
work. Some have used weight of the load and others high energy
demand or subjective perceptions to define heavy physical work.
In general, job physical requirements have neither been measured
nor quantified. It is also clear that the above classifications
of jobs as heavy physical work may not have any significant
relationship with the load on the spine during work.

Several investigations have indicated a significantly higher
incidence of LBP among heavy industry workers than among workers
with less strenuous jobs (Kellgren and Lawrence, 1952; Magora and
Taustein, 1969; Lawrence, 1969; Magora, 1970; Chaffin, 1974;
Wickstrom. 1978: White and Gordon. 1982: Tabor. 1982; Stubbs et
al., 1983; Videmann et al., 1984; Klein et al., 1984; Harber et
al., 1985: Bigos et al., 1986: Jensen. 1987, 1988:
Valles-Pankratz. 1989). Others have reported either a moderate
difference or no significant difference in frequency of LBP
between workers on light and heavy jobs (Hult, 1954: Rowe, 1963,
1969: Partridge and Duthie. 1968: Kelsey, 1975: Damkot et al .•
1984). Information based on worker's compensation claims and
insurance data shows that LBP is much more prevalent in heavy
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physical jobs (Dehlin et al., 1976: Bergquist-Ullman and Larson,
1977: Jensen, 1987, 1988). Workers with heavy manual jobs are
more likely to develop compensable back injuries than other
workers (Rowe. 1969. 1971: White and Gordon. 1982: Jensen. 1987.
1988). The severity of back pain is also significantly greater
in manual workers than in workers in light jobs. Several stUdies
have reported significantly longer durations of initial and
recurrent episodes in heavy jobs than in light jobs (Caplan et
al .• 1966: Partridge and Duthie. 1968: Bergquist-Ullman and
Larson. 1977: Wickstrom. 1978). Wickstrom (1978) reported that
those with the heavy jobs had a four time greater lifetime
prevalence of lumbar insufficiency, a three times greater
prevalence for recurrent attacks of lumbago, and a two times
greater prevalence of pronounced sciatica than those with light
jobs. A higher prevalence of disc degeneration has also been
reported among those who perform heavy physical work (Kellgren
and Lawrence, 1952: Hult. 1954: Lawrence. 1969).

It is widely recognized that an increased load on the already
afflicted back produces more pain (Hult, 1954: Rowe, 1969:
Nachemson. 1971: Magora. 1974: Bergquist-Ullman and Larson.
1977). Also. it is reasonable to assume that back symptoms are
much more likely to interfere with work when it is heavy. i.e .. a
worker with a backache would have more difficulty performing a
heavy job than a light one (Rowe. 1969. 1983). For example. Hult
(1954) reported that 43.5\ in heavy work versus 25.5\ in light
work had been off work due to LBP. Individuals with severe LBP
try to find a job without much manual materials handling (Jensen,
1988).

At present. the specific cause of LBP as related to heavy
physical work is not fully clear. However. based on
pathobiomechanics of disc degeneration and facet joints. the
potential for producing low-back disability is higher in those
whose jobs demand heavy physical activity (Rowe. 1983). The
potential for overexertion injuries is also greater in heavy
physical jobs. Workers in heavy physical work have a much
greater need to report LBP symptoms. It is concluded that heavy
physical work is a significant risk factor for low-back pain.

Lifting

It has been clearly established that back pain can be triggered
by lifting. The combination of lifting. bending and twisting is
believed to be the most frequent cause of back injuries.
(Andersson, 1981: Rowe. 1983: Kelsey et al., 1984). Unexpected
maximal efforts and repetitive heavy lifting are particularly
harmful (Magora. 1972: Rowe. 1983: Frymoyer et al .. 1983).
Several investigations have found a strong relationship between
lifting and incidence and duration of LBP (Hult, 1954; Lawrence,
1955: Horal. 1969: Ferguson. 1970: Chaffin et al .. 1976: Snook et
al .. 1978: Ayoub et al .. 1983; Frymoyer et al .• 1983:
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Biering-Sorensen. 1983: Svensson and Anderson. 1983: Greenwood.
1986: Bigos et al .• 1986: Jensen. 1988: Klein et al .• 1988}.
Snook et al. (1978) reported that manual handling tasks (i.e .•
lifting. lowering. pushing. pulling and carrying) were implicated
as the specific act or movement associated with back pain in 70\
of the injuries (Tables 2.3 and Figure 2.2). Other studies have
implicated lifting tasks in 25\ to 60\ of the back injuries (Cust
et al .• 1972: Horal. 1969: Ferguson. 1970. Snook et al .• 1978:
Raistrick et al .• 1981: OWen. 1987: Klein et al .• 1984.
Greenwood. 1986: Harber et al .• 1985: Stubbs et al .• 1983:
venning et al .• 1987).

Many aspects of manually lifting a load have been identified as
potentially hazardous to a person's musculoskeletal system
(Herrin et al., 1974). These include weight or force required.
horizontal and vertical location of the load. shape and size of
the load. frequency of lifting, stability of the load. couplings,
duration of lifting, workplace geometry, asymmetric lifting and
environment. etc. Some of these are briefly discussed here.

Weight of the load handled is perhaps the most obvious factor
which modifies risk of injury. As stated earlier under heavy
physical work. several investigations have shown that both
frequency and severity of back injuries are greater in heavy than
in light industries. Herrin et al., (l986) showed that a single
task in a job that produces excessive compressive force on the
low-back or requires excessive strength would increase the riSk
of back injuries. chaffin et al. (1976) reported that heavier
jobs (in terms of maximum load lifted) resulted in increased
severity of injuries (severe sprains, joint dislocations and bone
fractures) in terms of total lost workdays or medical work
restriction days. Chaffin and Park (l973) concluded that the
"lifting of loads greater than about 35 pounds (16 kg) when held
in close to the body, or equivalent conditions, such as 20 lbs.
(9 kg) between 2S and 3S inches (64 and 89 cm) in front of the
body. would be potentially hazardous for some people." Based on
an epidemiological case-control study, Kelsey et al. (1984)
concluded that jobs requiring lifting objects weighing more than
11.3 kg (25 lbs) more than 25 times per day had over three times
the riSk for acute prolapsed lumbar intervertebral disc as
compared to those involving lifting less than 11.3 kg. Damkot et
al. (1984) also reported that the maximal weight lifting
requirements were greater in the severe LBP group as compared to
no pain and moderate pain groups.

The physical dimensions of the load handled are important from
a biomechanical, physiological. and psychophysical point of
view. Several studies have demonstrated that the moment (the
product of the weight of the load and the distance from the
spinal axis) rather than the weight of the load or lifting method
is most important in affecting stresses on the spine (Nachemson
and Elfstrom. 1970: Martin and Chaffin, 1972: Tichauer, 1975:
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Chaffin et al., 1976: Chaffin and Andersson, 1984}. Chaffin and
Park (1973) reported that the incidence rate of LBP was strongly
correlated with the lifting strength rating of a job (based on a
combination of weight, horizontal and vertical locations of the
object, and the strength of a large strong man) (Figure 2.3). In
a subsequent study, Chaffin et al. (1976) concluded that "the
more remote the load center of gravity from the body (due to
either the bulk of the object being handled or the workplace
layout), the greater the frequency and severity of
musculoskeletal problems and contact injuries." It appears that
position of the load relative to the body is as important as the
weight of the load within a given range.

Table 2.3: Acts or movements associated with low-back injuries
(Snook et al., 1978)

Act or Movement

Lifting

Twisting/turning

Bending

Pushing

Pulling

Lowering

Sudden change in posture

Carrying

Slipping/tripping
Standing

Falling

Squatting

Catching

Sitting

Throwing

Walking

Shoveling

Other
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Figure 2.2: Nature of back injury occurrences from four hospitals
(Greenwood. 1986).

Frequent lifting is important from both a physiological and
psychophysical point of view. Recently. Brinckmann et al. (1988)
have raised the possibility of a fatigue fracture with repetitive
loading of the spine. In addition to fatigue fracture. moderate
to high frequency lifting can cause muscle fatigue. an
uncoordinated muscle action during a lift and could accelerate
wear and tear in connective tissues. The combination of moderate
to heavy loads and frequent lifting can result in physical
fatigue as demonstrated by excessive energy expenditure. heart
rate and sUbjective fatigue (Garg et al .• 1986). Several
investigations have shown that repetitive lifting of moderate to
heavy loads is an important risk factor associated with the
frequency. severity and resultant disability of LBP (Hult. 1954;
Horal. 1969; Magora. 1970: Chaffin et al .• 1976: Bergquist-Ullman
and Larson. 1977: Frymoyer et al .• 1980. 1983: Kelsey et al .•
1984: Arad and Ryan. 1986: Venning et al .• 1987). Chaffin et al.
(1976) concluded that. "the more frequent the lifting of maximal
loads on a job. the greater the frequency and severity rates of
musculoskeletal problems (other than backs) and the greater the
severity of contact injuries." Frymoyer et al. (1983) identified
repetitive lifting of 20 kg or more as the most important
prognosis variable for LBP. Similarly. Frymoyer et al. (1980)
found that the patients who reported LBP to the physician had
occupations that required more repetitive lifting. Arad and Ryan
(1986). based on a survey of nursing personnel in Australia.
found a positive relationship between frequency of lifting per
shift and one-month prevalence of LBP. Those who lifted 20 or
more times per shift had about twice the one-month prevalence
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Figure 2.3: Incidence rates of back complaints (per 1.000 person­
weeks) related to the lifting strength rating for the
most stressful task in the job (from Jensen. 1988
based on data from Chaffin and Park. 1973).

of LBP (54\) than those who averaged zero lifts per shift.
Damkot et al, (1984) reported a slight increase in the percentage
of men with LBP and the severity of LBP with repetitive lifting.
Bergquist-Ullman and Larson (1977) found a significantly longer
duration of the initial episode of LBP in those who experienced
daily fatigue in their backs and who were exhausted after work.

Sudden maximal physical efforts and unguarded moves have also
been found to be related to LBP. Magora (1973) reported that
sudden maximal physical efforts. characterized by their
unexpectedness. were related to a high incidence of LBP. Bigos
et al. (1986) reported haste. speed and inattention as the cause
for 18\ of all high-cost (> $10.000) low-back injuries. This may
be due to sudden strain of soft tissues. Rowe (1965) recommends
that the load should at all times be under the control of the
person performing the lifting maneuver. Sudden unexpected moves.
as in turning suddenly to catch a falling object or having a load
shift or slip, may initiate an acute episode of LBP (Rowe. 1983).

- 25 -



Bending. Stretching and Reaching

As mentioned earlier. a decrease in ability to bend forward as
well as an increase in pain when bending forward is common among
those suffering from LBP. It appears that bending in combination
with lifting is the most common cause for LBP (Lawrence, 1955:
Troup et al., 1970: Cust et al., 1972, Bergquist-Ullman and
Larson, 1977: Snook et al., 1978: Johnston, 1982: Rowe, 1983:
Klein et al., 1984: Punnett et al., 1987, Takala and Kukkonen,
1987). Based on a case-referent study, Punnett et al. (1987)
concluded that forward trunk flexion (mild or severe), twisting
of the spine, and trunk lateral bending were significant risk
factors and the risk increased if a person spent more than 10\ of
the work cycle in a flexed posture. Rowe (1983) suggests that
work requiring the maintenance of a slightly trunk flexed
posture, such as over a drafting board or a slightly low
workbench, or making beds, frequently causes LBP. Cust et al.
(1972) reported that bending was the most frequent precipitating
event of occupational LBP in teachers. Lawrence (1955) concluded
that prolonged stooping (number of years) is associated with loss
of work, prolonged disability, mUltiple discs changes and severe
disc degeneration. Snook et al. (1987) reported that 66\ of the
lifting tasks involved bending but they were associated with 78\
of the lifting injuries. Takala and Kukkonen (1987) also
reported that persons who lifted in bent positions had more LBP
trouble during the preceding year. Garg (1989) reported
significantly greater perceived stresses for the back for lifting
from floor to bench height than for lifting from bench height to
about shoulder height even though the weights at the higher
height were about 8\ to 30\ greater than those at the lower
height (Figure 2.4). In this regard, it should be noted that
lifting above chest height may result in excessive stresses on
shoulder and wrist joints (Figure 2.4). Rowe (1983) believes
that lifting loads above chest level with arching of the back may
precipitate LBP.

Damkot et al. (1984) found an association between stretching and
reaching and LBP. The study reported that in the severe LBP
group 59\ had jobs requiring stretching and reaching as compared
to 36\ in the moderate pain group and 40\ in the no pain group.
The authors concluded that the severe LBP group respondents were
more likely to reach with arms fully extended.

Twisting

The association between low-back pain and twisting and bending is
difficult to evaluate separately, as lifting is usually also
involved (Andersson, 1981). Lifting in combination with twisting
and/or lateral bending has been implicated with low-back pain in
several studies. Troup et al. (1970) found the combination of
lifting, bending and twisting to be the most frequent cause of
back injuries in England. Bending, lifting and twisting are
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believed to be especially representative of body movements
contributing to nonaccidental low-back injuries (Figures 2.2 and
2.5). For example. nursing aids who have a much greater amount
of lifting. bending and twisting as compared to nurses. also have
a very high prevalence of LBP (Greenwood. 1986: Videmann et al .•
1987: Jensen. 1987). Frymoyer et al. (l980) found that patients
who reported LBP to the physician had occupations that required
more twisting. Bergquist-Ullman and Larson (1977) concluded that
frequent bending and twisting. fixed postures. lifting and
forceful movements. general fatigue and daily back fatigue. etc .•
were all related to either a longer initial episode of pain or a
longer absence from work or both.

Rowe (1983) suggests that lifting and twisting as in swinging
luggage may precipitate an attacK of LBP. Glover (1960) found
that a twisting lift was the commonest cause of LBP in many
patients (Figure 2.5). Snook et al. (1978) reported that
twisting/turning accounted for la, of all back injuries. Kelsey
et al. (1984) concluded that there was an especially high risk
for prolapsed lumbar disc if the job required lifting of objects
weighing more than 11.3 kg (25 lbs) while twisting the body even
if the lifting was done less frequently (less than 25 times/per
day). Also. the authors concluded that lifting while twisting
the body without bending the knees was more detrimental. Lifting
of objects weighing less than 11.3 kg and twisting without
lifting were not associated with an increased risK of prolapsed
lumbar disc. In this regard. Punnett et al. (1987) found
twisting of the spine and lateral bending to be significant risk
factors even if no or relatively light loads were lifted. The
study concluded that jobs requiring both mild flexion and
twisting were particularly hazardous.

Pushing and Pulling

There are relatively few studies on pushing and pulling
activities and their role in work related LBP. Klein et al.
(1984). based on workers' compensation data. reported that
pushing and pulling of objects accounted for 9\ of all back
strains and sprains. Snook et al. (1978) reported that pushing
and pulling were associated with 18\ of all back injuries.
Frymoyer et al. (1980) found that lOW-back patients were more
likely to do pushing and pUlling tasks than were patients who
sought medical attention for reasons other than lOW-back pain.
Similarly. Damkot et al. (1984) reported that severe LBP
respondents had much more pushing and pUlling (as determined by
weight multiplied by number of pushing efforts) than controls.
The study also found that the severity of LBP increased with an
increase in pushing and pUlling requirements. White and Punjabi
(1978) showed that high disc loads accompany these activities.
It is believed that the coefficient of friction between the shoes
and the floor is of primary importance as it would affect the
static and dynamic pushing and pulling strengths. Studies by Fox
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(1967) and Kroemer and Robinson (1971) showed that the static
pushing or pulling strength increased by about 50\ (from 200 N to
300 N for healthy young males) with an increase in the
coefficient of friction from 0.3 to 0.6. Also. the vertical
height of the handle against which one pushes and pulls has a
profound effect on pushing and pulling strengths (Martin and
Chaffin. 1972: Ayoub and McDaniel. 1974: Lee. 1982: Chaffin et
al .• 1983. Garg et al .• 1988). Based on a limited amount of
data. the optimum height for a handle to be pushed or pulled
appears to be approximately 90 cm (35.5 inches) to 115 cm (44.5
inches) (i.e .• about hip height) to maximize strength and
minimize compressive force (Pope et al .• 1984).

Prolonged Sitting and Standing

Jobs that require workers to sustain a particular posture for
prolonged periods may be associated with musculoskeletal problems
related to those postures. Jobs demanding long periods of
immobility. either standing or sitting. have been shown to cause
muscle fatigue and to have ill effects upon discs (Magora. 1972:
Rowe. 1983). Several investigations have shown that jobs that
involved nearly all standing or nearly all sitting postures were
associated with larger point prevalence or increased risk of LBP
than were jobs involving changes in posture (Hult. 1954:
Lawrence. 1955: Kroemer and Robinette. 1969. Nachemson and
Elfstrom. 1970: Magora, 1972: Kelsey and Hardy, 1975:
Bergquist-Ullman and Larson. 1977: Rowe. 1983: Jensen. 1988).
Bent-over work postures also have an increased risk for low-back
pain as discussed earlier.
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Mogora (1972) reported that both too much or too little sitting
or standing were related to a high incidence of LBP. Several
investigations found an increase in risk of LBP in subjects who
performed work in a predominantly sitting posture (Hult. 1954:
Lawrence. 1955: Kroemer and Robinette. 1969: Magora. 1972).
Kelsey and Hardy (1975) reported that men who spent more than
half of their workday in a car had a threefold increased risk of
disc herniation. However, it is not clear whether the increased
risk is due to vibration or sitting. Nachemson and Elfstrom
(1970) reported similar disc pressures for bending forward 20
degrees and sitting unsupported. Other studies did not find
sitting to be a risk factor (Westrin, 1973: Bergquist-Ullman and
Larson, 1977: Svensson and Andersson, 1983). Troup (1978)
suggests that extended sitting may increase the pain and
discomfort felt by individuals who already have some back
problems. Bergquist-Ullman and Larson (1977) reported that
patients who sat less than 2 hours per day bent and twisted their
backs more than 10 times per hour and those who were forced into
fixed postures for the greater part of the working day had longer
durations of initial episodes.

The above studies show that occupations allowing a proper amount
of variation of postures are preferable to those which require
prolonged standing or sitting. It is important that a worker
should be allowed to change work posture. In fact, some studies
have reported that postural fatigue and sickness absences
decreased when such changes were required (Griffing, 1960:
Kroemer and Robinette, 1969: Magora. 1972).

Vibrations

There is no doubt that vibration is a significant risk factor in
low-back disorders (Kelsey, 1975; Kelsey and Hardy, 1975; Troup,
1978: Frymoyer et al., 1980, 1983; Wilder et al., 1982; Pope et
al., 1984). Vibrations are transmitted through the use of
powered hand tools. floors on which the workers are standing
(such as pallet jacks) or through the seats of vehicles.
Frymoyer et al. (1983) reported that the overall cumulative
exposure to vibrational equipment (such as jackhammers, chainsaws
and rotary cultivators) was higher in both groups with LBP than
in the asymptomatic group. Several studies have shown a
relationship between vehicular exposure (vibrations) and
frequency and severity of LBP (Kelsey and Hardy, 1975: Pope et
al., 1980, 1984; Frymoyer et al .• 1983: Damkot et al., 1984).
Many vehicles and industrial devices vibrate at a fundamental
frequency similar to the body's natural frequency (4 to 6 HZ)
(Frymoyer et al .• 1983) and amplification of imparted motion
occurs in this range. Exposure to these vibrations can cause
fatigue of the paraspinal muscles and ligaments and disc
herniations (Pope et a1., 1984). Kelsey (1975) reported that
truck drivers were four times more likely and commuters traveling
more than twenty miles/day two times more likely to have had a
disc herniation as compared to those who did not hold such jobs.
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Accidents

Traumatic events besides manual handling may contribute
substantially to the incidence of work related LBP. Some back
injuries can be caused by a specific event such as a stumble. a
trip. a fall. or an i.pact (i.e .• striking against an object or
being struck by a moving object) (Jensen, 1988). In the United
States, falls were implicated in 4.3' and involuntary motions in
4.7' of all cases classified as back sprain or strain (Klein et
al., 1984). Other investigations have reported much higher
statistics. Horal (1969) reported that about 25\ of all LBP was
due to accidents. Manning et al. (1984) reported that 47\ of the
true accidents and 24' of all attributable injuries were caused
by slipping of feet. Further, the study found that about 26' of
the back pain cases involved an unforeseeable event as the cause
of the accident (slipping. tripping. stumbling, catching the foot
on something. having the surface collapse or tilt suddenly, a
sudden unexpected load on the b~ck, blows to the back. and
traffic accidents). Bigos et al. (1986) found that about 10' of
back injuries were associated with falls and 19' with bodily
motions. Also. back injuries due to accidents such as slips or
falls had a much greater tendency to result in an expensive
claim. Troup et al. (1981) also found that the duration of
symptoms and subsequent expense tended to be greater for back
injuries associated with an obvious accident such as a slip or
fall. Conversely. prospective studies by Weber (1983) and Roland
and Morris (1983). indicated that an insidious onset of symptoms
rather than sudden onset (such as an accident) indicated a poor
prognosis for those having LBP or disc herniation.

PREVENTIVE APPROACHES

Several different criteria have been used to prevent or reduce
low-back pain in industry. Some of these include (i) selecting
workers based on their anthropometry (age, sex. body weight.
height, etc.). (ii) physical fitness, (iii) radiological
screening, (iv) training in lifting technique. (v) preemployment
strength testing. and (vi) ergonomic job design. The first two
criteria were discussed under personal risk factors. The
following is a brief discussion of the remaining four criteria:

Radiological Screening

In the past several companies used preemployment radiological
screening and claimed a reduction in subsequent back injury rate
(Troup and Edwards. 1985). A survey by Poda et al. (1982) showed
that only 39' of the American Occupational Medicine Association
members used preemployment X-rays routinely and 20\ felt that
X-rays were useful in predicting future risks. Based on a large
study. Rowe (1969, 1971, 1983) concluded that routine
radiological screening was "neither cost nor riSk benefit
effective." In general, there appears to be a consensus that
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radiological screening should be limited to those with
significant back symptoms and/or a past medical history of back
problems, except where there is a serious risk of back injury
(Troup and Edwards, 1985).

Experience over the past several years has shown that X-rays are
of little value (LaRocca and Macnab, 1969: Rowe, 1969: Leavitt et
al., 1971: Redfield, 1971: Troup et al., 1974: Alexander et al .•
1977: Snook et al., 1978), since individuals with various
structural abnormalities of the spine do not appear to have a
greater incidence of low-back pain than those with so-called
"normal spines." Most structural defects are not significant
risk factors for LBP. though some with severe scoliosis (greater
than 80 degrees. and spondylolisthesis are more susceptible to
low-back pain. There is also the risk that continued spinal
radiographs may give rise to leukemia or anemia (Court-Brown and
Doll, 1959: cited in Brown, 1973). Snook et al. (1978) reported
that the number of injuries experienced by employers who used
medical histories, examinations and X-rays were about the same as
by employers who used no selection techniques. Leavitt et al.
(1971) concluded that "one can not hope to obtain early
identification of a major portion of high-cost cases by the use
of screening methods." Rowe (1969) estimates that only about 10
percent of the workers who would become low-back disability
problems can be identified by the present diagnostic methods at
the time of hiring. Studies by LaRocca and Macnab (1969),
Redfield (1971), Troup et al. (1974), and Alexander et al.
(1977). supported the earlier findings of Splithoff (1953) and
Rowe (1969) that the lumbosacral X-rays taken at the time of
employment did not predict or screen out injury prone
applicants. Redfield (1971) using the criteria of the Ad Hoc
Committee on Low Back X-rays (1964) found a lower injury rate for
the "high risk" than for the "low risk" group.

In summary, there is little evidence that routine occupational
health screening can identify those who may be susceptible to a
first attack of back pain. Routine medical examination of all
workers is neither necessary nor desirable (Troup and Edward.
1985). However. full clinical assessment may be necessary if the
initial screening shows a previous or current health problem
relevant to heavy manual work.

Lifting Technique

A substantial amount of literature has been published on lifting
techniques. Unfortunately. no controlled epidemiological study
has validated any of the contemporary theories on the sUbject.
Proponents of the straight-back. bent-knee lift posture predict
their views on a simplistic mechanical logic. They assume that
this posture would allow the load to be held close to the torso
resulting in a small bending moment and a small and uniformly
distributed compressive force on the back (Floyd. 1958: Davis.
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1959: Munchinger. 1962: Himbury. 1967: Anderson. 1970: Nachemson.
1971). These analyses do not account for the practical fact that
many heavy objects are too large to be lifted between the knees.
as is required by the squat lift method. Further. the stresses
on the knees and in some cases on the back could be excessive.
When the knees are acutely flexed. the thighs and legs cannot
exert the thrust needed to lift the load and the body. Also the
feet usually are not flat on the floor and may not be far enough
apart for good leverage (Davis et al .• 1965: OWen. 1985). Troup
(1965. 1977) believes that moderate flexion of the torso provides
more effective abdominal pressure assistance during lifting and
therefore decreases stress on the back musculature. Park and
Chaffin (1974) and Garg and Herrin (1979) reported that a stooped
over position resulted in about one-third less compressive force
on the low-back than the squat posture when lifting bulky loads.
Most researchers. however. agree that hyperflexion is potentially
dangerous. Ekholm et ale (1982) reported that lifting with
straight knees and lifting with-bent knees resulted in about the
same bending moment and compressive force for loads in front of
the body. Several studies have disclosed that leg lifting from a
squat position is metabolically more demanding. thus possibly
leading to fatigue related injuries (such as slips and falls.
dropping objects. etc.) (Brown. 1973: Jorgensen and Poulsen.
1974: Garg et al .. 1978: Garg and Saxena. 1985).

Several different lifting techniques have been recommended over
the past several years. Some of these include: straight-back.
bent-knees (Floyd. 1958: Davis. 1959: Munchinger. 1962: Anderson.
1970: Nachemson. 1971): kinetic method of lifting (International
Labor Office. 1967: Anderson. 1970: Davies. 1978): squat position
with a flexed (curved) back (Williams. 1974: Adams and Hutton.
1985): squat posture. straddle foot stance and flat back (erect
back) (Anderson and Chaffin. 1986): back flexed and knees
slightly flexed (Caliet. 1981): free-style posture (Brown. 1971:
Snook. 1978: Garg and Saxena. 1979: Garg et al .. 1983): and
flexed-back and flexed-knee position with feet about a shoulder
length apart (Jones. 1973). Unfortunately, there is no concrete
evidence that one method is safer than the others. The use of
term "right" has led to a rigid discipline which does not allow
for any variations within its framework (Brown. 1973). Andersson
et ale (1976) believe that the method used to lift a load is
relatively unimportant and the horizontal distance is much more
important. In certain situations. the practicability of a
recommended method is rendered almost impossible by the fact that
time standards or production standards are invariably based on
traditional work measurement techniques. which do not
differentiate between stoop posture and the straight-back.
bent-knee methods for determining allowed time for the task and
fatigue allowances. Based on a study of three different
warehouses. Garg and Saxena (1985) concluded that "it is
practically impossible for most workers to meet companies' time
standards when using the straight-back. bent-knee method. Time
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standards based on traditional work measurement techniques do not
provide additional time for using the recommended straight-back.
bent-knee method even though it is slower and more fatiguing."

Anderson (1970) and Brown (1973) concluded that the systems
advocated in the official manuals are incorrect and likely to do
more harm than good. Very little research has been carried out
to determine the validity of the recommended methods of lifting.
So far. lifting instructions have shown little or no effect in
controlling low-back injuries (Brown. 1972: Dehlin et al .• 1978.
1981: Snook et al .• 1978: Stubbs et al., 1983: Wood, 1987:
Venning et al .• 1987). There is a wide variation in the manner
of lifting. and very seldom is the prescribed straight-back.
bent-knee method used (Brown. 1971; Garg and Saxena. 1985). This
would indicate that either the indoctrination has been
unsuccessful or the workers prefer to use some method which is
more suitable to their own physical strength and physical
anthropology.

Damkot et al. (1984) reported that the severe pain group had much
more bending of legs and less lifting with bent back than no pain
and moderate pain groups. Stubbs et al. (1983) observed that the
low-back pain rates for nurses remained very high even though all
of them had participated in a mandatory training program. Dehlin
et al. (1981). Snook et al. (1978) and Venning et al. (1987)
concluded that lifting instructions and choice of lifting
technique did not affect the occurrence of low-back pain
symptoms. Based on a study of nurses in a hospital, Wood (1987)
suggests that experienced workers will not benefit from training
programs as most of them have learned the basic safety elements
of the job.

In summary, although instructions on manual handling and lifting
are fairly widely believed to have some prophylactic value, there
is no scientific evidence that these are. in fact. effective in
reducing the frequency or severity of musculoskeletal injuries
and. in particular, back pain. As stated by Stubbs et al.
(1983), "if the work is intrinsically unsafe, then no amount of
training can correct the situation." Clearly, it is not the
lifting technique that has a major impact on the relative risk of
back injury. It is the job that puts the worker at risk (Venning
et al., 1987).

Preemployment Strength Testing

Studies of low-back pain and other musculoskeletal injuries in
relation to isometric strength show some predictive value
(Chaffin and Park. 1973: Chaffin. 1974: Chaffin et al., 1978:
Keyserling et al., 1980. a.b: Cady et al .• 1979: Karvonen et al.,
1980: Anderson and Catterall. 1987). These studies have
demonstrated that both a worker's likelihood of sustaining
contact. musculoskeletal and back injuries and severity of
injuries increase when job lifting requirements approach or
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exceed the strength capability demonstrated by the individual on
an isometric simulation of the job (Figure 2.6). Similar.
observations have been reported by Ayoub et ale (1983) using
psychophysically determined maximum acceptable weights (Figure
2.7). The basic premise for preemployment strength testing is
that most of the musculoskeletal and back injuries are caused by
overexertion due to a mismatch between worker's strength and job
strength requirements. In other words. the job physical
requirements exceed the physical strength capability of the
worker.

Magora (1974) reported that when a job exceeded the lifting
capability of the worker. symptomatic low-back pain was more
likely to develop. POUlsen and Jorgensen (1971) and Poulsen
(1981) proposed that the weight limits should be based on
isometric back muscle strength. Chaffin and Park (1973) and
Chaffin (1974) reported a sharp increase in the mean low-back
pain incidence rates (by a factor of 3:1) for those jobs where
the job strength requirements exceeded the lifting strength of
the workers. In a subsequent study. Chaffin et ale (1978)
confirmed that as the job strength requirements approached or
exceeded the demonstrated isometric strength of workers on the
job. the mean incident and severity rates increased at a ratio of
about 3:1 (Figure 2.6). Keyserling et ale (1980a) supported
these findings and concluded that the medical incidence rate of
employees who were selected using the strength tests was
approximately one-third that of employees selected using the
traditional medical criteria. In a subsequent study. Keyserling
et ale (1980b) reaffirmed the earlier findings and found
significant relationships among job strength requirements, worker
strengths and medical incidents. The study concluded that the
workers with strength abilities less than job strength
requirements suffered a higher rate of medical incidents than
workers whose strength abilities matched or exceeded job
demands. Recently. Anderson and Catterall (1987) concluded that
isometric strength testing by itself can be very effective in
reducing contact, musculoskeletal and back injuries. Also. a
test of endurance along with strength testing can enhance the
effectiveness of a screening battery.

Ayoub et ale (1983) proposed the use of a job severity index
(JSI) as a tool for job design and employee placement. The
authors showed that the ratio of job physical demand to the
capacity of the worker (psychophysically determined maximum
acceptable weight) was related to the frequency and severity of
back injuries suffered during manual materials handling jobs
(Figure 2.7).

It is clear from the above studies that the inability to
demonstrate a lifting strength equal to that required on the job
is a significant risk factor. However, it can not be stated that
physical ability and/or endurance testing will always be
effective. Strength testing does not account for hazardous
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Figure 2.6: Back injuries vs. job strength ratings (Chaffin et
al .. 1978).

levels of stress to the spinal structure such as high compressive
and shear forces. In spite of these concerns. strength testing
can be used to identify workers who would be at an increased risk
of suffering medical incidents if placed on jobs which exceed
their strength capability. Thus. it can be effectively used to
minimize overexertion types of musculoskeletal and back injuries
such as muscle strains and sprains. In this regard. the
preemployment strength testing test should be safe. reliable.
related to specific job requirements. practical and should
predict risk of future injury or illness.

Ergonomic Job Design

Job design is an ergonomic approach Which attempts to fit the job
to the worker. As far as manual materials handling is concerned.
the objective is to design the job so that (i) physical
requirements will not exceed strength and endurance capabilities
of a large percentage of workers. (ii) it would not produce undue
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stresses to the spine and other body joints. and (iii)
significant workplace risk factors are minimized. The basic
premise is that both the frequency and severity of
musculoskeletal and back injuries can be minimized if the job is
not hazardous to a large percentage of the worker population.

It is widely believed that the most effective control for
musculoskeletal injuries. and low-back injuries in particular. is
the ergonomic job design (Chaffin and Park. 1973: Snook et al .•
1978: Rowe. 1983: Ayoub et al .• 1983: Liles et al .• 1984: Herrin
et al .• 1986). Snook et al. (1978) reported that a worker was
three times more susceptible to low-back injury if the worker was
performing a job which less than 75\ of the working population
could perform without overexertion. The authors suggested that
the ergonomic approach would be more effective if the jobs were
designed so that they were within the physical capability of 90\
of the working population. Liles et al. (1984) also reported
that the disabling back injury rate (worker missed at least one
day) increased with an increase in the percentage of overstressed
workers (Figure 2.8). Ayoub et al. (1983) also reported a
relationship between the job severity index (JSI) and the
frequency and severity of back injuries (Figure 2.7).
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Figure 2.8: Incidence rates of back complaints (per 100
full-time employees) versus percentage of employees
overstressed (from Jensen. 1988 based on data from
Liles et al.. 1984).
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Chaffin and Park (1973), based on data involving 103 jobs in five
manufacturing plants, reported that a job with even one highly
back-stressing lifting task could appreciably increase the risk
of back pain complaints (Figure 2.3). The authors also found a
correlation between the compressive force on the LS/S 1 disc
and the incidence rate of low-back pain. Jobs with a compressive
force over 6236 N (636 kg) had an 8 times greater low-back pain
incidence rate than jobs having values below 2673 N (273 kg).
Herrin et ale (1986) based on a study involving fifty-five
industrial jobs in five industries showed a consistent increase
in low-back incidence rate with an increase in compressive force
on the LS/Sl disc (Figure 2.9). The jobs were classified
only on the basis of the most stressful task. The study reported
similar findings when the jobs were evaluated using strength
requirements instead of compressive force. The study concluded
that overexertion injuries can ~e related to physical job stress
and that, in addition to compressive force, the percentage of the
population capable of performing the most stressful element of
the job is perhaps the best single index. This index can be
based upon either isometric strength or psychophysical strength
(maximum acceptable weights and forces).

RQW6 (1983) believes that the real objective is to minimize
dlsa~ility, and ergonomic job design can significantly reduce
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Figure 2.9: Incidence rates of back complaints (per 200,000
hours) versus compressive force on the lower back
(from Jensen, 1988 based on data from Herrin et al.,
1986).
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disability. Adequate job design so that all work falls within
the physical capabilities of the majority of workers may allow
the workers to continue to work regularly with backache because
it would have the same effect as placement in lighter work (Rowe,
1983).

SUMMARY

Low-back pain and back injuries are of such a complex nature that
anyone criterion cannot be applied by itself to give a valid
assessment of the risk associated with manual materials handling
jobs. There is no question that low-back pain is an extremely
significant cause of disability and has a major socioeconomic
impact. Many different personal and job factors are associated
with the incidence and prevalence of low-back complaints. There
is a need for ongoing systematic investigations of the multiple
riSk factors that may be causally related to lOW-back pain and
may possibly be preventable. Knowledge of workplace and
individual risk factors is far from complete. Prospective
studies are needed so that factors contributing to the
development of lOW-back pain can be separated from factors
resulting from low-back pain.

It is difficult to relate low-back pain to the workplace because
it is found quite often in workers employed in sedentary
occupations. However, the incidence, severity and potential for
disability are all related to the physical demands of the job.
In this regard, jobS involving lifting, lowering, pushing,
pUlling, carrying and holding: body movements such as frequent
bending, twisting and sudden movements: and working in bent-over
postures appear to have a significant potential for producing
lOW-back pain. A combination of lifting, bending and twisting
appears to be the most hazardous. It is concluded that heavy
load lifting contributes to the increased frequency and severity
rates for low-back pain. This is true regardless of whether the
lifting is performed over a short period or throughout the day
and whether it is performed a few times per day or repetitively.
If, however, such lifting is performed repetitively, the medical
hazard extends beyond low-back problems to other musculoskeletal
strain/sprain injuries and fatigue related injuries, particularly
for weaker workers.

In this latter regard, gender, age, anthropometry and previous
history of back pain are known to modify these risks for
populations of workers. The inherent variability between workers
and within any worker over time preclude the use of such factors
to assign riSk to any particular individual. Strength testing,
however, is supported as one means for identifying high riSk
workers who need to perform manual materials handling. Studies
are needed to carefully validate the effectiveness of this form
of selection procedure. At present, ergonomic job design offers
the most potential for preventing low-back pain and other
musculoskeletal injuries.

- 40 -



REFERENCES

Ad Hoc c01Ullittee on LOW-Back X-rays. "Low-Back X-Rays: Criteria
for Their Use in Placement Examinations in Industry." J.
of occupational Medicine. 6:373-380. 1964. --

Adams. M. A. and Hutton. W. C. liThe Effect of Posture on the
Lumbar Spine." The J. of Bone and Joint Surgery.
67B(4):625-629. 1985.

Addison. R. and Schultz. A. "Trunk Strengths in Patients
Seeking Hospitalization for Chronic Low Back Disorders."
Spine. 5(6):539-544. 1980.

Afacan. A. S. "Sickness Absence Due to Back Lesions in Coal
Miners." J. Soc. Occup. Med. 32:26-31. 1982.

Alexander. R. W., Brennan. J. C:. Maida. A. S. and Walker, R. J.
"The Value of Preplacement Medical Examinations for
Nonhazardous Light Duty Work." J. of occupational
Medicine. 19(2):107-112. 1977.

Alston. W., Carlson. K. E.• Feldman. D. J .• Grimm, Z. and
Gerontinos, E. "A Quantitative Study of Muscle Factors in
the Chronic Low Back Syndrome." J. of the American
Geriatrics Society. 14(10):1041-1047. 1966.

Anderson. C. K. and Catterall, M. J. "The Impact of Physical
Ability Testing on Incidence Rate. Severity Rate and
Productivity. II Trends in Ergonomics/Human Factors IV, S.
S. Asfour Editor. Elsevier Science Publishers B. V.
(North-Holland), 1987.

Anderson. C. K. and Chaffin, D. B.
of Five Lifting Techniques."
17.1:2-8, 1986.

"A Biomechanical Evaluation
Applied Ergonomics.

Anderson, T. N. "Human Kinetics in Strain Prevention." ~
Occup. Safety. 8:248, 1970.

Andersson. G. B. J. "Epidemiologic Aspects on Low-Back Pain in
Industry." spine. 6(1):53-59. 1981.

Andersson. G. B. J. "Low Back Pain in Industry: Epidemiological
Aspects." Scand J. Rehab. Med. 11:163-168, 1979.

Andersson. G. B. J. Ortengren, R. and Nachemson, A.
"Quantitative Studies of Back Loads in Lifting." Spine.
1(3):178-185, 1976.

Arad, D. and Ryan, M. D. "The Incidence and Prevalence in
Nurses of Low Back Pain: A Definitive Survey Exposes the
Hazards." The Australian Nurses Journal. 16(1):44-48,
1986.

508E/5039E
- 41 -



Asmussen. E. and Heeboll-Nielsen. K. "Isometric Muscle Strength
in Relation to Age in Men and Women." Ergonomics.
5:167-169. 1962.

Astrand. N. E. "Medical Psychological. and Social Factors
Associated with Back Abnormalities and Self Reported Back
Pain: A Cross Sectional Study of Male Employees in a
Swedish Pulp and Paper Industry." British J. of Industrial
Medicine. 44:327-336, 1987.

Astrand. P. O. and Rodahl, K. Textbook of Work Physiology. New
York: McGraw-Hill Book Company. 1977.

Ayoub, M. M. and McDaniel. J. W. "Effects of operator Stance on
Pushing and PUlling Tasks." AIlE Transactions.
6(3):185-195, 1974.

Ayoub, M. M., Selan, J. L. and triles, D. H. "An Ergonomics
Approach for the Design of Manual Materials-Handling
Tasks." Human Factors. 25(5):507-515, 1983.

Benn, R. T. and Wood, P. H. N. "Pain in the Back: An Attempt to
Estimate the size of the Problem." Rheumatol. Rehab.
14:121-128, 1975.

Bergenudd, H. and Nilsson, B. "Back Pain in Middle Age:
Occupational Workload and Psychologic Factors: An
Epidemiologic Survey." Spine. 13(1):58-60, 1988.

Bergquist-Ullman, H. and Larson, U. "Acute Low Back Pain in
Industry." Acta Orthopaedica Scandinavica. Supplement No.
170:1-117, 1977.

Berkson, M., Schultz, A., Nachemson, A. and Andersson, G. B. J.
"Voluntary Strengths of Hale Adults with Acute Low Back
syndromes." Clin. Orthop. 129:84-95, 1977.

Biering-Sorensen, F. "A Prospective Study of Low Back Pain in a
General Population." Scan. J. Rehab. Hed. 15:71-96(1-111),
1983.

Biering-Sorensen, F. "Low Back Trouble in General Population of
30-, 40-, 50- and 60-year Old Men and Women. Study Design,
Representativeness and Basic Results." Dan. Med. Bull.
29(6):289-299, 1982.

Bigos, S., Spengler, D. H., Martin. N. A., Zeh. J., Fisher, L.
and Nachemson. A. "Back Injuries in Industry: A
Retrospective Study, III. Employee-Related Factors."
Spine. 11(3):252-256, 1986.

- 42 -



Bigos. 5 .• Spengler. D. M.• Martin. N. A.• Zeh. J., Fisher. L.
Nache.son. A. and Wang. M. H. "Back Injuries in Industry:
A Retrospective Study. II. Injury Factors." Spine.
11(3):246-251, 1986.

Blow. R. J. and Jackson. J. M.
Registered Dock Workers."
64:753-757. 1971.

"An Analysis of Back Injuries in
Proc. of Roy. Soc. Med.

Brinckmann. P .• Biggeaann. M. and Hilweg. D. IIFatigue Fracture
of Human Lumbar Vertebrae." Clinical Biomechanics.
3:Suppl. No.1, Sl-S23, 1988.

Brooke, J. D. "Extraversion. Physical Performance and Pain
Perception in Physical Education Students. II Research in
Physical Education. 1(2):25-30, 1967.

Brown, J. R. IILifting as an Industrial Hazard. II American
Industrial Hygiene Association J. 32:292-297. 1973.

Brown. J. R. IILifting as an Industrial Hazard. II Labour Safety
Council. Ontario, Canada. 1971.

Brown, J. R. IIManual Lifting and Related Fields: An Annotated
Bibliography." Labor Safety Council of Ontario, Ontario
Ministry of Labor, 1972.

Cady, L. D., Bischoff. D. P., O'Connell, E. R., Thomas, P. C. and
Alan. J. H. "Strength and Fitness and Subsequent Back
Injuries in Firefighters." J. of Occupational Medicine.
21(4):269-272, 1979.

Cailliet, R. Low Back Pain Syndrome (3 rd Ed.). Philadelphia:
F. A. Davis, 1981.

Caplan. P. S .• Lester, L. M. J. and Connelly, T. P.
"Degenerative Joint Disease of the Lumbar Spine in Coal
Miners - A Clinical and X-ray Study.1I Arthritis and
Rheumatism. 9(5):693-702, 1966.

Car Isoo, S. IIA Back and Lift Test." Appl ied Ergonomics.
11.2:66-72. 1980.

Chaffin, D. B. "Human Strength Capability and Low Back Pain."
J. of Occupational Medicine. 16(4):248-254, 1974.

Chaffin, D. B. and Andersson, G. B. J. Occupational
Biomechanics. New York: John Wiley & Sons, 1984.

Chaffin, D. B., Andres, R. O. and Garg, A. "Volitional Postures
During Maximal Push/Pull Exertions in the Sagittal Plane."
Human Factors. 25(5):541-550, 1983.

- 43 -



Chaffin. D. B.• Herrin. G. D. and Keyserling. W. M. "Preemploy­
ment Strength Testing: An Updated position." J. of
Occupational Medicine. 20(6):403-408. 1978.

Chaffin. D. B •• Herrin. G. D.• Keyserling. W. M. and Foulke.
J. A. "Pre-Employment Strength Testing in Selecting
Workers for Materials Handling Jobs." U.S. Dept. of Health
and Human Services. National Institute for Occupational
Safety and Health. CDC-99-74-62, Cincinnati, Ohio, 1976.

Chaffin, D. B. and Park. K. S. "A Longitudinal Study of Low-Back
Pain as Associated with Occupational Weight Lifting
Factors." American Industrial Hygiene Association J.
32:513-525, 1973.

Collis. D. K. and Ponseti, I. V. "Long Term FOllow-up of
Patients with Idiopathic Scoliosis Not Treated Surgically."
The J. of Bone and Joint Surgery. 51A(3):425-445, 1969.

Cox. M.• Shephard, R. J. and Corey, P. "Influence of an Employee
Fitness Programme Upon Fitness, Productivity and
Absenteeism." Ergonomics. 24(10):795-806. 1981.

Cunningham. L. S. and Kelsey. J. L. "Epidemiology of Musculo­
skeletal Impairments and Associated Disability." American
J. of Public Health. 74(6):574-579. 1984.

Currey. H. L. F .• Greenwood. R. M.• Lloyd. G. G. and Murray.
R. S. "A Prospective Study of Low-Back Pain." Rheumatol.
Rehabil. 18:94-104. 1979.

Cust. G •• Pearson. J. C. G. and Mair, A. "The Prevalence of Low
Back Pain in Nurses." International Nursing Review.
19(2):169-178. 1972.

Damkot, D. K., Pope. M. H.• Lord. J. and Frymoyer. J. W. "The
Relationship Between Work History, Work Environment and Low­
Back Pain in Men." Spine. 9(4):395-399. 1984.

Davies. B. T. "Training in Manual Handling and Lifting." In:
Drury C.• Ed .• Safety in Manual Material Handling. DHEW
(NIOSH) publication No. 78-185. Cincinnati. Ohio. 175-185.
1978.

Davis. P. R. "Posture of the Trunk During the Lifting of
Weights." Br. Med. J. 1:87-89. 1959.

Davis. P. R. and Stubbs. D. A. "Safe Level of Manual Forces for
Young Males. 3. Performance Capacity Limits." Applied
Ergonomics. 9(1):33-37. 1978.

Davis. P. R.• Troup, J. D. G. and Burnhard. J. H.
the Thoracic and Lumbar Spine when Lifting:
Cyclophotographic Study." J. Anat. London.

- 44 -

"Movements of
A Chrono-
99: 13-26. 1965.



Dehlin, o. and Berg, s.
Perception of Work:
Geriatric Hospital."

"Back Symptoms and Psychological
A Study Among Nursing Aides in a

Scand. J. Rehab. Med. 9:61-675, 1977.

Dehlin, 0., Berg,S., Andersson, G. B. J. and Grimby, G.
"Effect of Physical Training and Ergonomic Counselling on
the Psychological Perception of Work and on the Subjective
Assessment of Low-Back Insufficiency." Scand. J. Rehab.
Med. 13:1-9, 1981.

Dehlin, 0., Berg,S., Hedenrud, B., Andersson, G. and Grimby, G.
"Muscle Training, Psychological Perception of Work and Low
Back Symptoms in Nursing Aids." Scand. J. Rehab. Med.
10:201-209, 1978.

Dehlin, 0., Hedenrud, B. and Horal, J. "Back Symptoms in Nursing
Aides in a Geriatric Hospital." Scand. J. Rehab. Med.
8:47-53, 1976.

Dillane, J. B., Fry, J. and Kalton. G. "Acute Back Syndrome ­
A Study from General Practice." Brit. Med. J. 11:82-84,
1966.

Ekholm, J., Arborelius, U. P. and Nemeth, G. "The Load on the
Lumbosacral Joint and the Trunk Muscle Activity During
Lifting." Ergonomics. 25:145-161, 1982.

Farfan, H. F., Cossette, J., Robertson, G., Wells, R. and Kraus,
H. "Effects of Torsion on the Intervertebral Joint: The
Role of Torsion in the Production of Disc Degeneration."
J. Bone and Joint Surgery. 52A(3):468-497, 1970.

Farfan, H. F., Osteria, V. and Lamy, C. "The Mechanical Etioloqy
of Spondylolysis and Spondylolisthesis." Clin. Orthop.
117:40-55, 1976.

Ferguson, D. "Strain Injuries in Hospital Employees." Medical
J. of Australia. 1:376-379, 1970.

Fiorini. G. T. and McCommond, D. "Forces on Lumbo-Vertebral
Facets." Analysis of Biomedical Engineering. 4:354-363,
1976.

Fisher, F. J., Friedman, M. M. and Demark, R. E. V. "Roentgeno­
graphic Abnormalities in Soldiers with Low Back Pain: A
Comparative Study. Amer. J. Roentgen. 79(4):673-676, 1958.

Floyd, W. F. "Physiological Factors Concerned with Weight
Lifting." Ergonomics Res. Soc. Proc. London School of
Hygiene and Tropical Medicine, 1958.

Fox, W. F. "Body Weight and Coefficient of Friction Determinants
of Pushing Capability." Human Engineering Special Studies
Series, No. 17, Lockhead Co., Marietta, GA, 1967.

- 45 -



Frymoyer. J. W.• Pope. M. H., Clements. J. H.• Wilder. D. G.•
McPherson. B.• Ashikaga. T. and Vermont. B. "Risk Factors
in Low-Back Pain." The J. of Bone and Joint Surgery.
65A(2):213-218. 1983.

Frymoyer. J. W.• pope. M. H•• Costanza. M. C.• Rosen. J. C.•
Goggin. J. E. and Wilder. D. G. "Epidemiologic Studies of
Low-Back Pain." Spine. 5(5):419-423. 1980.

Garg. A. "An Evaluation of the NIOSH Guidelines for Manual
Lifting. with Special Reference to Horizontal Distance."
Am. Ind. Hyg. Assoc. J. 50(31):157-164. 1989.

Garg. A.• Chaffin. D. B. and Herrin. G. D. "Prediction of
Metabolic Rates for Manual Materials Handling Jobs."
American Industrial Hygiene Association J. 39(8):661-674.
1978.

Garg, A., Funke. S. and Janisch. D. "One-Handed Dynamic Pulling
Strength with special Application to Lawn Mowers."
Ergonomics. 31(8):1139-1153. 1988.

Garg. A., Hagglund. G. and Mericle. K. "A Physiological
Evaluation of Time Standards for Warehouse Operations as
Set by Traditional Work Measurement Techniques." I.I.E.
Transactions. 18(3):235-245, 1986.

Garg, A. and Herrin. G. D. "Stoop or Squat: A Biomechanical and
Metabolic Evaluation." A.I.I.E. Transactions.
11(4):293-302. 1979.

Garg, A. and Saxena. U. "Effects of Lifting Frequency and
Technique on Physical Fatigue with Special References to
PsyChophysical Methodology and Metabolic Rate." Am. Ind.
Hyg. Assoc. J. 40(10):894-902. 1979.

Ga rg. A. and Saxena. U. "Phys io logica 1 Stresses in Wa rehouse
Operations with Special Reference to Lifting Technique and
Gender: A Case Study." American Industrial Hygiene Assoc.
!L.. 46(2):53-59. 1985.

Garg. A.• Sharma. D., Chaffin. D. B. and Schmidler. J. M.
"Biomechanical Stresses as Related to Motion Trajectory of
Lifting." Human Factors. 25(5):527-539. 1983.

Glover. J. R. "Back Pain and Hyperaesthesia." Lancet.
1165-1169. May. 1960.

Gracovetsky. S. "Determination of Safe Load." British J. of
Industrial Medicine. 43:120-133, 1986.

Greenwood. J. G. "Back Injuries Can be Reduced with Work
Training, Reinforcement." Occupational Health and Safety.
26-29. May. 1986.

- 46 -



Griffin. A. B.• Troup. J. D. G. and Lloyd. D. C. E. F. "Test of
Lifting and Handling Capacity: Their Repeatability and
Relationship to Back Symptoms." Ergonomics. 27(3):305-320.
1984.

Griffing. J. P. "The Occupational Back. Chap. 2." Modern
Occupational Medicine." Philadelphia: Lea and Febiger.
219-227. 1960.

Gynte1berg. F. "0ne Year Incidence of Low Back Pain Among Male
Residents of Copenhagen Aged 40-59." Dan. Med. Bull.
21(1):30-36. 1974.

Haber. L. D. "Disabling Effects of Chronic Diseases and
Impairment." J. Chronic Dis. 24:469-487, 1971.

Harber. P .• Billet. E.• Gutowski, M.• SooHoo, K., Lew, M. and
Roman. A. "Occupational LdW-Back Pain in Hospital
Nurses." J. of Occupational Medicine. 27(7):518-524, 1985.

Harley. W. J. "Lost Time Back Injuries: Their Relationship to
Heavy Work and Preplacement Back X-rays. II J. Occupational
Medicine. 14(8):611-614. 1972.

Hasue. M., Fujiwara. M. and Kikuchi, s. "A New Method of
Quantitative Measurement of Abdominal and Back Muscle
Strength." Spine. 5(2):143-148. 1980.

Herrin. G. D.• Chaffin. D. B. and Mach. R. s. "Criteria for
Research on the Hazards of Manual Materials Handling."
NIOSH Contract Report. CDC 99-74-118, 1974.

Herrin, G. D.• Jariedi, M. and Anderson. C. K. "Prediction of
Overexertion Injuries Using Biomechanical and Psychophysical
Models." American Industrial Hygiene Association J.
47(6):322-330. 1986.

Himbury, s. "Kinetic Methods of Manual Handling in Industry."
Occup. Safety Health Series. International Labour
organization. No. 10. 1967.

Hirsch. C.• Jonsson. B. and Lewin. T. "Low-Back Symptoms in a
Swedish Female PopUlation." Clinical Orthopaedics and
Related Research. (63):171-176. 1969.

Hodgson, S .• Shannon, S. H. and Troup. J. D. G. "The Prevention
of Spinal Disorders in Dock Workers. Report to National
Dock Labour Board. London. U.K .• 1974.

Horal, J. "The Clinical Appearance of Low Back Disorders in the
City of Gothenburg, Sweden." Acta Orthopaedica
Scandinavica. Supplement No. 118:9-109. 1969.

- 47 -



Hult. L. "cervical. Dorsal and Lumbar Spinal Syndromes." Acta
Orthop. Scand. Supple 17. 1954.

Ikata. T. "Statistical and Dynamic Studies of Lesions Due to
Overloading on the Spine." Shikokie Acta Med. 40:262-286.
1965.

International Labour Organizations.
to be Carried by One Worker."
1964-1967.

"Maximum Permissible Weight
ILO Office. Geneva.

Jensen. R. C. "Disabling Back Injuries Among Nursing Personnel:
Research Needs and Justification." Research Nursing Health.
10:29-38. 1987.

Jensen. R. C. "Epidemiology of Work-Related Back Pain." Topics
in Acute Care and Trauma Rehabilitation. 2(3):1-15. 1988.

Johnston. W. W.
Employers."

"Back Injuries - A Problem for Both Workers and
Ohio Monitor. 55:15. 1982.

Jones. D. F. "Human Factors - Occupational Safety." Ontario:
Ontario Ministry of Labor. 1973.

Jorgensen. K. and Nicolaisen. T. "Trunk Extensor Endurance:
Determination and Relation to Low-Back Trouble."
Ergonomics. 30(2):259-267. 1987.

Jorgensen. K. and Nicolaisen. T. "Two Methods for Determining
Trunk Extensor Endurance: A Comparative Study." Eur. J.
Applied Physiol. 55:639-644. 1986.

Jorgensen. K. and Poulsen. E. "Physiological Problems in
Repetitive Lifting with Special Reference to Tolerance
Limits to Maximum Lifting Frequency." Ergonomics.
17:31-40. 1974.

Karvonen. M. J .. Viitasalo. J. T.. Komi. P. V.. Nummi. J. and
J~rvinen. T. "Back and Leg Complaints in Relation to
Muscle Strength in Young Men." Scand. J. Rehab. Med.
12:53-59. 1980.

Kellgren. J. H. and Lawrence. J. S. "Osteoarthrosis and Disc
Degeneration in an Urban Population." Ann. Rheum. Dis.
17(4):338-397. 1958.

Kellgren. J. H. and Lawrence. J. S. "Rheumatism in Miners.
Part II: X-ray Study." British J. of Industrial Medicine.
9:197-207. 1952.

Kelsey. J. L. "An Epidemiological Study of Acute Herniated
Lumbar Intervertebral Discs." Rheumatol. Rehabil.
14:144-159. 1975.

- 48 -



Kelsey. J. L. "An Epidemiological Study of the Relationship
Between occupations and Acute Herniated Lumbar Inter­
vertebral Discs." Int. J. Epidemiol. 4(3}:197-205.1975.

Kelsey. J. L.• Githens. P. B.• White III. A. A.• Holford. T. R.•
Walter. S. D.• O'Conor. T.• Ostfeld. A. M.• Weil. U.•
Southwick. W. O. and Calogero. J. A. "An Epidemiologic
Study of Lifting and Twisting on the Job and Risk for Acute
Prolapsed Lumbar Intervertebral Disc." J. of Orthopaedic
Research. 2:61-66. 1984.

Kelsey. J. L. and Hardy. R. J. "Driving of Motor Vehicles as a
Risk Factor for Acute Herniated Lumbar Intervertebral Disc."
American J. of Epidemiology. 102(1}:63-73. 1975.

Kelsey. J. L. and Ostfeld. A. M. "Demographic Characteristics
of Persons with Acute Herniated Lumbar Intervertebral
Disc." J. Chron. Dis. 28~37-50. 1975.

Kelsey. J. L.• White. A. A.• Pastides. H. and Bisbee. G. E. "The
Impact of Musculoskeletal Disorders on the Population of
the United States." The J. of Bone and Joint Surgery.
61A(7}:959-964. 1979.

Kettelkamp. D. B. and Wright. D. G. "Spondylolysis in the
Alaskan Eskimo." J. Bone Joint Surge 53A(3}:563-566. 1971.

Keyserling. W. M.• Herrin. G. D. and Chaffin. D. B. "Isometric
Strength Testing as a Means of Controlling Medical Incidents
on Strenuous Jobs." J. of Occupational Medicine.
22{5}:332-336. 1980.

Keyserling. W. M.. Herrin. G. D.. Chaffin. D. B.. Armstrong.
T. J. and Foss. M. L. "Establishing an Industrial Strength
Testing Program." American Industrial Hygiene Association
~ 41:730-736. 1980.

Klein. B. P .. Jensen. R. C. and Sanderson. L. M. "Assessment of
Workers' compensation Claims for Back Strains/sprains." J.
occupational Medicine. 26{6}:443-448. 1984.

Konz. S.. Dey. S. and Bennett. C. "Forces and Torques in
Lifting." Human Factors. 15:237-245. 1973.

Kraus. H. Backache. Stress and Tension. New YorK: Simon and
Schuster. 1965.

Kraus. H. "Prevention of Low BaCK Pain." J. of occupational
Medicine. 9(11}. 1967.

Kroemer. K. H. E.
positions."
Laboratory.

"Push Forces Exerted in 65 Common WorK
AMRL-T-68-143. Aerospace Medical Research
Wright Patterson Air Force Base. Ohio. 1969.

- 49 -



Kroemer. K. H. E. and Robinette. J. C. "Ergonomics in the Design
of Office Furniture." Ind. Med. Surge 38(4):115-125. 1969.

Kroemer. K. H. E. and Robinson. D. E. "Horizontal Static Forces
Exerted by Men Standing in Common Working Postures on
Surfaces of Various Tractions." AMRL-TR-70-114. Aerospace
Medical Research Laboratory. Wright Patterson Air Force
Base. Ohio. 1971.

Lamy. C.• Bazergui. A.• Kraus. H. and Farfan. H. F. "The
Strength of the Neural Arch and the Etiology of
Spondylolysis." Orthopedic Clinics of North America.
6:215. 1975.

Langarana. N. A.. Lee. C. K.• Alexander. H. and Mayott. C. W.
"Quantitative Assessment of Back Strength Using Isokinetic
Testing." spine. 9(3):287-290. 1984.

LaRocca. H. and Macnab. I. "Value of Pre-employment Radiographic
Assessment of the Lumbar Spine." Canad. Med. Assoc. J.
101(7):383-388. 1969.

Laubach. L. L. "Comparative Muscular Strength of Men and Women:
A Review of the Literature." Aviation. Space and
Environmental Medicine. 534-542. May 1976.

Lawrence. J. s. "Disc Degeneration: Its Frequency and Relation­
ship to Symptoms." Ann. Rheum. Dis. 28:121-137. 1969.

Lawrence. J. S. "Rheumatism in Coal Miners. Part III:
Occupational Factors." British J. Industrial Medicine.
12:249-261, 1955.

Leavitt. S. S .• Johnston. T. L. and Beyer. R. D. "The Process of
Recovery: Patterns in Industrial Back Injury. Part 1."
Industrial Medicine and Surgery. 40(8):7-14. 1971.

Leavitt. S. S .. Johnston. T. L. and Beyer. R. D. "The Process of
Recovery: Patterns in Industrial Back Injury. Part 2:
Predicting Outcomes from Early Case Data." Industrial
Medicine and surgery. 40(9):7-15. 1971.

Lee. K. "Biomechanical Modeling of Cart Pushing and Pulling."
Doctoral Dissertation. Univ. of Michigan. Ann Arbor.
Michigan. 1982.

Liles. D. H.. Deivanayagam. S .• AyOUb. M. M. and Mahajan. P. "A
Job Severity Index for the Evaluation and Control of
Lifting Injury." Human Factors. 26:683-694. 1984.

Lloyd. D. C. E. F. and Troup. J. D. G. "Recurrent Back Pain and
Its Prediction." J. Soc. Occup. Med. 33:66-74. 1983.

- SO -



Magora, A. "Investigation of the Relation Between Low Back Pain
and Occupation." Industrial Medicine. 39(11):465-471,
1970.

Magora, A. "Investigation of the Relation Between Low Back Pain
and Occupation." Industrial Medicine. 39(12):504-510,
1970.

Magora, A. "Investigation of the Relation Between Low Back Pain
and Occupation. 3. Physical Requirements: Sitting,
Standing and Weight Lifting." Industrial Medicine.
41(12):5-9, 1972.

Magora, A. "Investigation of the Relation Between Low Back Pain
and Occupation. Physical Requirements: Bending, Rotation.
Reaching and Sudden Maximal Effort." Scand. J. Rehab. Med.
5:186-190, 1973.

Magora. A. "Investigation of the Relation Between Low Back Pain
and Occupation. 5. Psychological Aspects." Scand. J.
Rehab. Med. 5:191-196, 1973.

Magora, A. "Investigation of the Relation Between Low Back Pain
and Occupation. 6. Medical History and Symptoms." Scand.
J. Rehab. Med. 6:81-88, 1974.

Magora, A. "Investigation of the Relation Between Low Back Pain
and Occupation. 7. Neurologic and Orthopedic Condition."
Scand. J. Rehab. Med. 7:146-151, 1975.

Magora. A. and Schwartz. A. "Relation Between the Low Back Pain
Syndrome and X-ray Findings. 1. Degenerative
Osteoarthritis." Scand. J. Rehab. Med. 8:115-125, 1976.

Magora. A. and Schwartz. A. "Relation Between the Low Back Pain
Syndrome and x-ray Findings. 2. Transitional Vertebrae
(Mainly Sacralization)." Scand. J. Rehab. Med.
10:135-145. 1978.

Magora, A. and Taustein. I. "An Investigation of the Problem of
Sick-Leave in the Patient suffering from Low Back Pain."
Industr. Med. Surg. 38:398-408. 1969.

Manning, D. P .• Mitchell. R. G. and Blanchfield, L. P. "Body
Movements and Events Contributing to Accidental and
Nonaccidental Back Injuries." Spine. 9(7):734-739. 1984.

Martin. J. B. and Chaffin. D. B. "Biomechanical Computerized
Simulation of Human Strength in Sagittal Plane
Activities." AIlE Transactions. 4(1):19-28, 1972.

- 51 -



Mayer. T. G.• Gatchel. R. J •• Kishino. N.• Keeley, J., Capra, P.,
Mayer. H., Barnett, J. and Mooney, v. "0bjective
Assessment of Spinal Function Following Industrial Injury:
A Prospective Study with Comparison Group and One-year
Follow-up. II Spine. 10(6):482-493, 1985.

Mayer, T. G., Smith, S. S., Keeley, J. and Mooney,
"Quantification of Lumbar Function. Part 2:
Plane Trunk Strength in Chronic Low-Back Pain
Spine. 10(8):765-772, 1985.

v.
Sagittal
Patients."

McNeil, T., Warwick, D., Andersson, G. and Schultz, A. "Trunk
Strengths in Attempted Flexion, Extension, and Lateral
Bending in Healthy Subjects and Patients with Low-Back
Disorders. II Spine. 5(6):529-538, 1980.

Merriam, W. F., Burwell, R. G., Mulholland, R. C., Pearson,
J. C. G. and Webb, J. K. ellA Study Revealing a Tall Pelvis
in Subjects with Low Back Pain." J. Bone and Joint Surgery.
65B:153-156, 1983.

Munchinger, R. "Manual Lifting. II International Labor Organiza­
tion, Geneva, 1962.

Nachemson, A. L. "Low Back Pa in. Its Et io10gy and Trea tment. "
C1in. Med. 78:18-24, 1971.

Nachemson, A. L. liThe Lumbar Spine. An Orthopaedic Challenge."
Spine. 1: 59-71, 1976.

Nachemson, A. L. liThe Natural Course of Low Back Pain." In:
White, A. A. and Gordon, S. L., Eds: American Academy of
Orthopaedic Surgeons Symposium on Idiopathic Low Back
Pain. St. Louis: C. V. Mosby, 46-51, 1982.

Nachemson, A. L. and Elfstrom, E. "Intravital Dynamic Pressure
Measurements in Lumbar Discs. A Study of Common Movements,
Maneuvers and Exercises. II Scand. J. Rehab. Med. 2. Supple
1:1-40, 1970.

Nachemson, A. and Lindh, M. "Measurement of Abdominal and Back
Muscle Strength With and Without Low Back Pain." Scand. J.
Rehab. Med. 1:60-65, 1969.

Nicholson, A. S. "Accident Information from Four British
Industries. II Ergonomics. 28(1):31-43, 1985.

Ni1sonne, U. and Lundgren, K. D. "Long-Term Prognosis in
Idiopathic Scoliosis." Acta Orthop. Scandinav.
39:456-465, 1968.

Nordgren. B., Schek, R. and Linrotn, K. "Evaluation and
Prediction of Back Pain During Military Field Service."
Scand. J. Rehab. Med. 12(1):1-8, 1980.

- 52 -



Numai. J .• Jarvinen. T.• Stambej. U. and Wickstr6m. G.
"Diainished Dynamic Performance capacity of Back and
Abdominal Muscles in concrete Reinforcement Workers."
Scand. J. Work Environment and Health. 4 Supple 1:39-46.
1978.

OWen. B. "The Lifting Process and Back Injury in Hospital
Nurs ing Personnel." Western J. of Nurs ing Research.
7(4):445-459. 1985.

OWen. B. D. "The Need for Application of Ergonomic Principles
in Nursing." In: Trends in Ergonomics/Human Factors IV.
Ed. Asfour. S. S. New York: North-Holland. 831-838. 1987.

OWen. B. and Damron. C. "Personal Characteristics and Back
Injury among Hospital Nursing Personnel." Research in
Nursing and Health. 7:305-313. 1984.

Park. K. S. and Chaffin. D. B. "A Biomechanical Evaluation of
Two Methods of Manual Load Lifting." AIlE Transactions.
6(2):105-113. 1974.

Partridge. R. E. H. and Duthie. J. J. R. "Rheumatism in Dockers
and Civil Servants: A comparison of Heavy Manual and
Sedentary Workers." Ann. Rheum. Dis .• 27:559-567. 1968.

Pedersen. O. F .• Petersen. R. and Staffeldt. E. S. "Back Pain
and Isometric Back Muscle Strength of Workers in a Danish
Factory." Scand. J. Rehab. Med. 7:125-128. 1975.

Petrofsky. J. S. and Lind. A. R. IIAging. Isometric Strength.
Endurance and Cardiovascular Responses to Static Effort. 1I

J. Appl. Physiology. 38:91-95. 1974.

Pheasant. S. T. and Grieve. D. W. "The Principal Features of
Maximal Exertion in the Sagittal Plane." Ergonomics.
24:327-338. 1981.

Poda. G. A.• Faqua. P. A.. Lincoln. T. A.• Lushbaugh. C. c ..
Milroy. W. C. and Voelz. G. L. IIAre Routine Spine Films
Still Being Used?" J. of Occup. Med. 24:289-291. 1982.

Pope. M. H.• Frymoyer. J. W. and Andersson. G. Occupational Low
Back Pain. New York: Praeger. 1984.

Pope. M. H.• Wilder. D. G.. Stokes. I. A. F. and Frymoyer. J. W.
"Biomechanical Testing as an Aid to Decision Making in Low­
Back Pain Patients." spine. 4:135-140. 1979.

Porter. R. W.• Hibbert. C. and Wellman. P. "Backache and the
Lumbar Spinal Canal." Spine. 5:99-105. 1980.

- 53 -



Poulsen. E. "Back Muscle Strength and Weight Limits in Lifting
Burdens." Spine. 6(1):73-75. 1981.

Poulsen. E. and Jorgensen. K. "Back Muscle Strength. Lifting and
Stooped Working Postures." Applied Ergonomics.
2.3:133-137. 1971.

Punnett. L.• Fine. L. J .• Keyserling. W. M.• Herrin. G. D. and
Chaffin. D. B. "A Case-Referent Study of Back Disorders in
Automobile Asseably Workers: The Health Effects of Non­
Neutral Trunk Postures." Center for Ergonomics. Univ. of
Michigan. 1987.

Raistrick. A. "Nurses with Back Pain - Can the Problem be
Prevented?" Nursing Times. 853-856. May 1981.

Redfield. J. T. "The Low Back X-rays as a Pre-employment
Screening Tool in the Forest Product Industry." J. of
occupational Medicine. 13:219-226. 1971.

Rodgers. S. H. Working with Backache. Fairport. N.Y.:
Perington Press. 1985.

Roland. M. and Morris. R. "A Study of the Natural History of
Low-Back Pain. Part II: Development of Guidelines for
Trials of Treatment in primary Care." Spine. 8:145-150.
1983.

Rowe. M. L. Backache at Work. Fairport. N.Y.: Perington
Press. 1983.

Rowe, M. L. "Disc Surgery and Chronic Low-Back Pain." J. of
Occupational Medicine. 7(5):196-202. 1965.

Rowe. M. L. "Low Back Disability in Industry: Updated
Position." J. of occupational Medicine. 13(10):476-478,
1971.

Rowe. M. L. "Low Back Pain in Industry." J. of Occupational
Medicine. 11(4):161-169. 1969.

Rowe. M. L. "Preliminary Statistical Study of Low Back Pain."
J. of Occupational Medicine. 5(7):336-341. 1963.

Scott. V. and Gijsbers. K. "Pain Perception in competitive
Swimmers." Brit. Med. J. 283:91-93. 1981.

Snook. S. H. "Psychophysical Considerations in Permissible
Loads." Ergonomics. 28(1):327-330. 1985.

Snook. S. H. "The Design of Manual Handling Tasks." Ergonomics.
21(12):963-985, 1978.

- 54 -



Snook. S. H.• campanelli. R. A. and Hart. J. W. HA Study of
Three Preventive Approaches to Low Back Injury.H J. of
occupational Medicine. 20(7):478-481. 1978.

Spangfort. E. V. HThe Lumbar Disc Herniation. a Computerized
Analysis of 2504 Operations. H Acta. Orthop. Scand.
Supplement 1142:1-95. 1972.

Splithoff. C. A. HLumbosacral Junction: Roentgenographic
Comparison of patients With and Without Backaches. H J. of
the American Medical Association. 152(17):1610-1613. 1953.

Sternbach. R. A.• Murphy. R. W.• Akeson. W. H. and Wolf. S. R.
HChronic Low-Back Pain: The Low-Back Loser. " Postgraduate
Medicine. 53(6):135-138. 1973.

Stubbs. D. A.• Baty. D.• Buckle. P. W.• Fernandes. A. F .•
Hudson. M. P .• Rivers. P. M.• Worringham. C. J. and Barlow.
C. HBack Pain in Nurses - Summary and Recommendations. H
University of Surrey. 1986.

Stubbs. D. A.. Buckle. P. W.• Hudson. M. P. and Rivers. P. M.
"Back Pain in the Nursing Profession. II. The Effective­
ness of Training. H Ergonomics. 26(8):767-779. 1983.

Stubbs. D. A. and Nicholson. A. S. HManual Handling and Back
Injuries in the Construction Industry: An Investigation."
J. Occup. Accidents. 2:179-190. 1979.

Svensson. H. O. and Andersson. G. B. J. HLow-Back Pain in Forty
to Forty-seven Year Old Men. I. Frequency of Occurrence
and Impact on Medical Services." Scand. J. Rehabil. Med.
14(2):47-53. 1982.

Svensson. H. O. and Andersson. G. B. J. "Low Back Pain in Forty
to Forty-seven Year Old Men: Work History and Work
Environment Factors." Spine. 8(3):272-276. 1983.

Svensson. H. 0 .• Verdin. A.• Wilhelmsson. C. and Andersson.
G. B. J. HLow Back Pain in Relation to Other Diseases and
Cardiovascular Risk Factors. H Spine. 8(3):277-285. 1983.

Tabor. M. "Reconstructing the Scene - Back Injuries."
occupational Health and Safety. 16-22. February. 1982.

Takala. E. P. and Kukkonen. R. HThe Handling of Patients on
Geriatric Wards. A Challenge for On-the-Job Training."
Applied Ergonomics. 18.1:17-22. 1987.

Tauber. J. IIAn Unorthodox Look at Backaches. H J. Occup. Med.
12:128-130. 1970.

- 55 -



Taylor, D. G. "The Costs of Arthritis and the Benefits of Joint
Replacement Surgery." Proc. Royal society Medicine.
192:145-155, 1976.

Taylor, P. J. "Sickness Absence Resistance." Trans. Soc. occup.
Med. 18:96-100, 1968.

Tichauer, E. R. "Occupational BiomeChanics. An Introduction to
the Anatomy of Function of Man at Work." Rehabilitation
Monograph No. 51. Institute of Rehabilitation Medicine,
New York University Medical Center, N.Y., 1975.

Torgerson, W. R. and Dotter, W. E. "comparative Roentgenographic
Study of the Asymptomatic and symptomatic Lumbar Spine."
The J. of Bone and Joint Surgery. 58A(6}:850-853, 1976.

Troup, J. D. G. "Causes, Prediction and Prevention of Back Pain
at Work." Scand. J. Enviroll. Health. 10:419-428, 1984.

Troup, J. D. G. "Drivers' Back Pain and Its Prevention: A
Review of the Postural, Vibratory and Muscular Factors,
Together with the Problem of Transmitted Road Shock."
Applied Ergonomics. 9:207-214, 1978.

Troup, J. D. G. "Dynamic Factors in the Analysis of Stoop and
Crouch Lifting Methods: A Methodological Approach to the
Development of Safe Materials Handling Standards." Orthop.
Clin. N. Amer. 8:201-209, 1977.

Troup, J. D. G. "Relation of Lumbar Spine Disorders to Heavy
Manual Work and Lifting." Lancet. 1:857-861, 1965.

Troup, J. D. G. and Chapman, A. E. "The Strength of the Flexor
and Extensor Muscles of the Trunk." J. Biomechanics.
2:49-62, 1969.

Troup, J. D. G. and
An Information
to the Back."
1985.

Edwards, F. C. "Manual Handling and Lifting:
and Literature Review with Special Reference
London: Her Majesty's Stationary Service,

Troup, J. D. G., Foreman, T. K., Baxter, C. E. and Brown, D.
"Tests of Manual Working capacity and the Prediction of Low
Back Pain." In: Musculoskeletal Disorders at Work,
Buckle, P. Ed., New York: Taylor and Francis, 165-171,
1987.

Troup, J. D. G., Hodgson, S. and Shannon, H. S. "The Prevention
of Spinal Disorders in Dock Workers." Report from the TUC
Centenary Institute of Occupational Health and the
Institute of Orthopaedics (Dawn Trust Unit for Spinal
Research) to the National Dock Labour Board, England, 1974.

- 56 -



Troup. J. D. G., Martin, J. W. and Lloyd, C. E. F. "Back Pain in
Industry: A Prospective Survey." spine. 6(1):61-69, 1981.

Troup, J. D. G., Roantree, W. B. and Archibald. R. M. "Survey of
Cases of Lumbar Spinal Disability. A Methodological Study."
Med. Officers' Broadsheet, National Coal Board, England,
1970.

Uhl. J. E., Wilkinson, W. E. and Wilkinson, C. S. "Aching
Backs? A Glimpse into the Hazards of Nursing." AAOHN J.
35(1):13-17, 1987.

Valkenburg, H. A. and Haanen, H. C. M. "The Epidemiology of Low
Back Pain." in American Academy of Orthopaedic Surgeons
Svmoosium on Idiopathic Low Back Pain, Ed. White, A. A. and
Gordon, S. L. St. Louis: C. V. Mosby Co., 1982.

Valles-Pankratz. S. "What's in"Back of Nursing - Home Injuries?"
Ohio Monitor. 62(2):4-8, 1989.

Videman, T .• Nurminen. T., Tola, S., Kuorinka, I., Vanharanta, H.
and Troup, J. D. G. "Low-Back Pain in Nurses and Some
Loading Factors of Work." Spine. 9(4):400-404, 1984.

Venning, P. J., Walter, S. D. and Stitt,
Job-Related Factors as Determinants
Injuries Among Nursing Personnel."
Medicine. 29(10):820-825, 1987.

L. W. "Personal and
of Incidence of Back
J. of Occupational

Ward, T., Knowelden, J. and Sharrard, W. J. W. "Low Back Pain."
J. Roy. ColI. Gen. Pract. 15:128-136, 1968.

Weber. H. "Lumbar Disc Herniation. A Controlled, Prospective
Study with Ten Years of Observation." Spine.
8(2):131-140. 1983.

Westrin, C. G. "Low Back Sick-Listing.
Medical Insurance Investigation."
2(3):127-134, 1970.

Westrin, C. G. "Low Back Sick-Listing.
Medical Insurance Investigation."
Supple 7:1-116, 173.

A Nosological and
Acta Soc. Med. Scand.

A Nosological and
Scand. J. Soc. Med.

Westrin, C. G., Hirsch, C. and Lindegard, B. "The Personality
of the Back Patient." Clinical Orthopaedics and Related
Research. 87:209-216, 1972.

White, A. A. and Gordon, S. L.
Idiopathic Low Back Pain."

"Synopsis: Workshop on
Spine. 7:141-149, 1982.

White, A. A. and Panjabi, M. M. Clinical Biomechanics of the
Spine. Philadelphia: J. B. Lippincott, Co., 1978.

- 57 -



wickstrijm. G. "Effect of Work on Deqenerative Back Disease: A
Review." Scand. J. Work Environ. and Health. 4. Supple
1:1-12. 1978.

Wickstrom. G •• Nummi. J. and Nurminen. M. "Restriction and Pain
Durinq Forward Bendinq in Concrete Reinforcement Workers."
Scand. J. Work Environ. and Health. Supple 1:29-38, 1978.

Wiesel, S. W., Feffer, H. L. and Rothman.
Back Pain: A Prospective Evaluation
Diaqnostic and Treatment Protocol."
1984.

R. H. "Industrial Low­
of a Standardized
Spine. 9(2):199-203,

Wiikeri, M., Nummi, J .• Riihimaki. H. and Wickstrom, G.
"Radioloqically Detectable Lumbar Disc Deqeneration in
Reinforcement Workers." Scand. J. Work Environ. Health.
4, Supple 1, 4:47-53, 1978.

wilder, D. G., Woodworth, B. B., Frymoyer, J. W. and Pope, M. H.
"Vibration and the Human Spine." Spine. 7:243-254, 1982.

Williams. P. C. Low Back and Neck Pain. Springfield. IL:
Charles C. Thomas, 1974.

Wiltse. L. L. "The Effect of the Common Anomalies of the Lumbar
Spine Upon Disc Deqeneration and Low Back Pain." Orthop.
Clin. North Am. 2(2):569-582, 1971.

Wood, D. J. "Design and Evaluation of a Back Injury Prevention
Program within a Geriatric Hospital." Spine. 12(2):77-82,
1987.

Wood. P. H. N. and McLeish, C. L. "Statistical Appendix." Ann.
Rheum. Dis. 33:93-105, 1974.

woodyard. J. E. "Injury, Compensation Claims and Prognosis:
Part 1." J. Soc. Occup. Med. 30:2-5. 1980.

Yates. J. W.• Kamon, E., Rodgers, S. H. and Champney, P. C.
"Static Liftinq Strength and Maximal Isometric Voluntary
Contractions of Back, Arm and Shoulder Muscles."
Ergonomics. 23:37-47, 1980.

- 58 -




