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Abstract

An analytical cross-sectional epidemiological study carried out among 109 manganese
plant workers aimed to examine the prevalence and association between lower back
problems (LBP) and occupational risk factors. Outcome was defined using a guided
questionnaire and a functional rating index. Exposure to occupational risk factors was
determined using self-reported questionnaires and workstation analyses. Multivariate
logistic regression analyses indicated significant adjusted odds ratios (OR) for
prolonged 90° trunk flexion (OR 2.16; CI 1.15-4.05); manual handling (1.89; 1.17—
3.08); load carriage (1.54; 1.08-2.19); and lifting (4.61; 1.37—15.47). The findings
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illustrate regional and occupational specifics of risk for LBP, and indicate that self-
selection or adaptation to task-specific demands could possibly lead to observations of
ergonomically relevant risk factors, which do not necessarily yield statistically
significant associations with LBP. The findings further support multi-modal

preventative approaches.

Introduction

Back problems affects millions of people worldwide, and mankind has suffered from
back problems for at least as long as documented records exist. In national health care
systems throughout the world back pain is common, often poorly managed, and very
costly—both in terms of direct treatment expenses, and indirect costs due to disability
and lost productivity [1]. Lower back problems (LBP) are common in industrialised
countries, with literature reporting various prevalence and incidence figures, which
indicate a universal and relevant problem [2-5]. The cumulative international
incidences of LBP during 1970 and 1992 were 38 and 43%, respectively [6], which
indicates the rising nature of LBP.

In spite of a number of epidemiological studies over the past three decades, the
etiology and risk factors of work-related back disorders are not well understood, and
the literature is replete with apparent contradictions. Research communities in the
1980s focussed on biomechanical factors, in the 1990s the focus changed towards
psychosocial factors, and at the start of the new millennium most funding was spent
on understanding genetic and biochemical sources of LBP [7]. It appears thus that
certain causal methods of investigation have been in and out of vogue for periods of
time, at the expense of a balanced approach to understanding the causality of LBP.
Another point of concern is that although literature on the epidemiology of LBP is
accumulating, for the most part studies are restricted to high-income countries, which
comprise less than 15% of the world's population. Little is known about the
epidemiology of LBP in the rest of the world [8].

It is currently commonly accepted, however, that back disorders are multifactorial in
origin and may be associated with both occupational and nonwork-related factors and
characteristics. Psychosocial factors have also been associated with both work- and
nonwork-related back disorders [9—-11]. The most frequently reported occupational

risk factors are heavy physical work; frequent bending, twisting, lifting, pulling, and
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pushing; repetitive work; forceful movements; static postures like prolonged sitting,
awkward postures and whole-body vibrations [12—23]. While the focus of this
manuscript is on physical occupational risks, work related psychosocial risk factors
that have been identified include anxiety, depression, job dissatisfaction, and mental
stress [24, 25].

The degree to which occupational exposure poses various risk factors for the
development of low back disorders is another interesting question that remains
unanswered. Everyone has some level of baseline risk for LBP. The risk can be
increased by personal factors (genetics, psychosocial, biomechanical etc.) but it may
also be increased by work exposure. The question is thus not so much whether work
can lead to back pain; rather the question is how much exposure to certain factors
might increase the risk of experiencing LBP to an unacceptable level [7].

Studies of worksite-based LBP are thus needed to explicate the association between
work tasks and the onset of LBP [26], and how exposure to certain work factors might
predispose the risk of developing LBP. Although cross-sectional studies cannot
answer all of the posed questions and problems, it does increase the understanding of
this complex phenomenon, particularly in unexplored populations at risk. The African
industrial setting, which is often reliant on manual labour, is one such population. The
goal of this study was to examine the prevalence and association between LBP and

occupational risk factors a South African Manganese industry.

Methods

Subjects and design

The design entailed an analytical cross-sectional study among a group of 109 workers
in a Manganese factory. The process of manganese production via electrolysis
requires that plates be removed from acid cells and placed on monorails (cell
stripping) and moved to an area where the manganese residue is removed or “knocked
off” with rubber hammers (knock-off bins). (See Table 1 for demographic data).
Eighty-two (75%) of the subjects studied worked in cell houses, primarily performing
hard manual labour during cell stripping and knock-off bin (KOB) work. The
remaining 27 (25%) workers worked in the metal handling houses, performing

various tasks such as forklift driving, light packing and process control work. A



openUP (August 2007)

positive feature of this study was the involvement of 109 of the 113 workers, thus
eliciting a high rate of participation (96%) and ensuring an in-depth analytical study.
Table 1 Characteristics of the study population (n = 109)

Characteristics M (xSD)
Age (Yr) 35.52 (9.29)
Work exposure (Yr) |7.78 (6.99)

Gender 100% Males

Measurements and instruments

Case definition

The functional rating index (FRI) comprising 10 items developed and validated by
Feise and Menke [27] to assess the extent to which LBP affects daily activities, was
applied to determine stringent case definition. The FRI index score was achieved by
simply summing up the equality weighted scores of 10 items relating to pain intensity,
sleep, personal care, travel (driving etc.), work, recreation, frequency of pain, lifting,
walking and standing, dividing by the total number of possible points, and multiplying
by one hundred percent. The higher the number, the higher the perceived dysfunction
and pain. The FRI score was calculated as follows: (total score/40) x 100%. A FRI of
>30% perceived disability was used in the analyses as a stringent definition for LBP,
and the mere presence of self-reported back pain at the time, was used as an inclusive
definition to record cases of LBP.

Occupational risks

To measure occupational exposure, the Occupational Risk Factor Questionnaire
(ORFQ) developed and validated via test—retest and inter-rater reliability statistics by
Halpern and co-workers [28] comprising 26 self-report items was utilized. Five
categories of risk factors that may be associated with LBP, viz. work organisation,
trunk posture, handling activities, body position and environmental demands were
thus probed. Accordingly responses describing the duration of exposure to
occupational risks in the work setting (items 6-22) as being “half the time” or more
were classified as exposed cases. Similarly responses describing the frequency of
lifting tasks (items 23—-26) as being 11-30, or more, times per hour were classified as

exposed cases.
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To measure lifting specific risk, the South African developed LiftRISK software
programme [29] was utilized. LiftRISK assesses the lifting risk associated with each
of 4 task-related parameters namely object mass, frequency of lifting, horizontal reach
and vertical distance (stoop and stretch), and assigns an appropriate rating of risk
potential, named the Task Inherent Risk (between 2 and 8). A rating of higher than 5
is seen as high risk.

Procedures

To ensure reliability of the data and representation, the questionnaires were
administrated during guided interview sessions, with anonymity being assured. The
study was furthermore conducted in accordance with the declaration of Helsinki, with
the informed consent of all parties and the necessary Ethics committee approval. The
FRI is known for its reliability, validity, and responsiveness [27]. This was confirmed
in the study population, with high internal consistency (Cronbach alpha values) being
recorded (CA 0.95). Good internal consistency was recorded for the ORFQ with a
Cronbach alpha value of 0.83. Similarly high test—retest reliability (Frequency of
differences <20%) for the FRI and ORFQ was recorded in the pilot study.

Additional systematic observational workstation analyses were performed on site to
determine lifting tasks related risk variables (reaching distances, stooping heights,
lifting frequencies and lifting styles).

Statistical analyses

Non-linear or asymmetric scales were used in the ORFQ. This rationale was based on
psychophysical and epidemiological reasons. Sensory threshold curves and perceived
exertions have been shown to follow non-linear functions that require finer resolution
in the lower and middle ranges [30]. The exposures at the higher end are quite rare,
thus affecting the logistics of epidemiological validation studies [31]. Conditions that
persist for more than half the work time may also be an obvious risk for the
development of musculoskeletal disorders [32]. It is thus important to know the
thresholds rather than the maximal tolerance for developing LBP [33].

For the assessment of risk factors, crude odd ratios (OR) were derived directly from
2 x 2 tabulations, while adjusted ORs followed from multivariate analyses, adjusting
for age, smoking habits, job description, and years of work exposure as possible
confounders. In the statistical analyses, testing was done at the 0.05 level of
significance. The ORs described the relative effect, while the confidence intervals

described the precision of the estimate. Where appropriate, and where the data was of
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a ratio nature, standard descriptive statistics (means and standard deviations) were
employed. Where appropriate, significant associations between nominal categorical
variables were tested for using the chi-square test. The statistical data analysis was
performed using Stata Release 8, Stata Press, STATA CORPORATION, College
Station, Texas. Copyright 1985-2003.

Results

Using an inclusive definition (presence/absence of LBP), lifetime and annual
prevalence of LBP were 71.6 and 69.8% respectively, with month and point
prevalence being 55.0 and 37.6%, respectively. Using the FRI, as a stringent
definition, to measure perceived dysfunction and pain, 29.4% of the workers reported
a 30% or higher disability. Comparing the prevalence of LBP between workers of the
cell houses (n = 82; hard manual labour) with workers of the metal handling houses
(n = 27; various tasks) indicated higher prevalence of LBP for the cell house workers
using both inclusive (39.02% vs. 30.77%) and stringent definitions (36.37% vs.
11.54%), respectively. Prevalence figures of different work tasks can be seen in Table
2.

Table 2 Prevalence of lower back problems for different work tasks

Point prevalence (inclusive | Point prevalence (stringent

Work task (n = 109) L o
definition) definition)

Prevalence (%) Cl95% @ Prevalence (%) | Cl 95%

Cell strippers (77) 40.26 29-51  36.36 25-47
KOB workers (5) 20.00 0-76"  20.00 0-76"
Total cell house workers

82) 39.02 29-50  30.77 2141
Stabiliser (5) 20.00 0-76* |0 NAP
LO Packer (7) 42.86 0-92*  28.57 0-74*
Nitrider (5) 60.00 0-128" 120.00 0-76"
Powder mill operator (7) 28.57 0-74* 0 NAP

Process controller (3) 0 NA® 0 NAP
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Point prevalence (inclusive | Point prevalence (stringent

Work task (n = 109) L L
definition) definition)

Prevalence (%) Cl95% @ Prevalence (%) | Cl 95%

Total metal handling
30.77 1348 |11.54 0-74%
house workers (27)

“Confidence intervals are broad, due to small sub sample numbers. This however is
true to the nature of the specific plant.

®Not applicable.



Table 3 presents a summary statistics of the study findings.
Table 3 Summary statistics of study findings

_ Multivariate
) Chi square o )
Variables Univariate analyses crude ORs analyses adjusted
analyses
ORs
Crude OR Crude OR ) OR Stringent
FRI FRI ) Cl ] Cl OR Inclusive Cl Cl
Inclusive Stringent (FRI) o (FRI)
<30% @ >30% o 95% o 95% definition 95% o 95%
definition definition definition
45° Trunk 70.13% 78.50% 0.71- 0.92— 0.92— 0.78-
221 2.98 1.36 1.24
flexion (54/77) (28/32) 6.82 9.71 2.03 1.97
90° Trunk 66.23% 93.75 1.23— 1.57- 1.49— 1.15-
_ 3.99 7.65 3.09 2.16
flexion (51/77)  (30/32)" 12.95° 37.15° 6.41° 4.05°
Twisting (45°)
_ 84.42% 96.88% 0.41- 0.68— 0.71- 0.73—
and bending of 1.71 5.72 1.14 1.38
(65/75) (31/32) 7.09 48.01 1.82 2.62
trunk
Bulky manual ~ 9.09%  9.38% 0.47— 0.25- 1.17- 0.86—
2.57 1.03 1.89 1.41
handling (7777)  (3/32) 14.07 431 3.08" 2.32
Single handed  5.19%  9.38% 0.27- 0.39- 1.09— 0.80—
_ 1.62 1.89 1.77 1.28
manual handling (4/77) (3/32) 9.62 9.10 2.89% 2.07

Unstable manual 3.90%  3.13% 1.59 0.14- 10.80 0.79— 11.69 1.04— 145 0.83—



Variables

handling

Pushing and
pulling

Carrying 5—
15 kg objects

Carrying objects
>15kg

Carrying objects
>5 kg, >10 m

Kneeling and
squatting

Stair climbing

Chi square

analyses

FRI
<30%

(3/77)

68.83%
(53/77)

24.68%
(19/77)

19.48%
(15/77)

5.19%
(4/77)

3.90%
(3/77)

35.06%
(27/77)

FRI
>30%

(1/32)

90.63%
(29/32)"

37.50%
(12/32)

31.25%
(10/32)

15.63%
(5/32)

3.13%
(1/32)

43.75%
(14/32)

Univariate analyses crude ORs

Crude OR Cl Crude OR
Inclusive Stringent (FRI)
L 95% L 95%
definition definition
18.71 8.04
0.53— 1.16—
1.61 4.38
4.87 16.45%
0.90— 0.75—
2.77 1.83
8.52 4.48
0.76— 0.73—
2.51 1.88
8.22 4.85
0.37— 0.82—
2.08 3.38
11.76 13.91
0.02— 0.08—
0.24 0.80
2.55 8.04
1.05— 0.62—
3.08 1.44
9.10° 3.36

Multivariate

analyses adjusted

OR Inclusive

1.55

1.47

1.54

1.19

1.16

1.26

ORs

definition

Cl
95%

2.75°

0.91-
2.68

1.06—
2.06"

1.08—
2.19*

0.78—
1.82

0.78—
1.82

0.93—
1.72

OR Stringent
(FRI)

definition

1.59

1.43

1.39

1.23

1.24

1.04

95%

2.56

0.84—
2.99

0.98—
2.08

0.95-
2.06

0.78—
1.92

0.75—
2.03

0.74—
1.48



Variables

Working on
slippery and

uneven surfaces

Lifting <5 kg

Lifting 5-15 kg

High liftRISK

p<0.05.

Chi square

analyses

FRI
<30%

59.74%
(46/77)

3.90%
(3/77)

66.23%
(51/77)

63.64%
(49/77)

FRI
>30%

87.50%
(28/32)"

12.50%
(4/32)

90.63%
(29/32)

87.50%
(28/32)"

Univariate analyses crude ORs

Crude OR
Inclusive

definition

1.07

11.49

2.16

1.48

Cl
95%

0.38—
3.03

1.33—
99.19*

0.73—
6.40

0.62—
3.56

Crude OR
Stringent (FRI)

definition

4.72

3.52

4.93

4.0

Cl
95%

1.43—
15.54°

0.72—
17.22

1.31-
18.59°

1.27-
12.58"

Multivariate

analyses adjusted

OR Inclusive

1.17

2.08

4.61

2.41

ORs

definition

Cl
95%

0.81-
1.68

1.17-
3.70°

1.37-
15.47°

0.25—
23.52

OR Stringent
(FRI)

definition

1.35

1.87

3.81

1.84

95%

0.89—
2.06

1.02-
3.42°

0.77-
18.88

0.18—
18.54
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Chi-square analyses, of differences in exposure between workers with a FRI of >30%
versus <30%, indicated significant differences (p < 0.05) in 90° trunk flexion, pushing
and pulling, working on slippery and uneven surfaces and high lift risk variables.
Multivariate analyses, using the inclusive definition (presence/absence of LBP)
indicated various positive associations (Table 3), with full forward bending (90° trunk
flexion) (OR 3.09; 95% CI 1.49-6.41), bulky manual handling (OR 1.89; CI 1.17—
3.08), single handed manual handling (OR 1.77; CI 1.09-2.89), unstable manual
handling (OR 1.69; CI 1.04-2.75), carrying 5—-15 kg objects (OR 2.57; CI 1.07-6.20),
carrying objects >15 kg (OR 1.54; CI 1.08-2.19), lifting <5 kg objects (OR 2.08; CI
1.17-3.70) and lifting 515 kg objects (OR 4.61; CI 1.37—-15.47) being statistically
significant occupational risks.

Multivariate analyses, using the more stringent classification for LBP (FRI >30%)
yielded, however, only two statistically significant associations (Table 3). These were
full forward bending (90° trunk flexion) (OR 2.16; 95% CI 1.15-4.05), and lifting

>5 kg objects (OR 1.87; CI 1.02-3.42.

Discussion

Prevalence

Comparing prevalence and incidence rates of LBP with literature is subject to
interpretation because of the various definitions of LBP. It is however interesting to
note that the lifetime prevalence (71.6%) of these workers is comparable with the
80% often quoted in literature. While 37.6% of the workers indicated to have some
form of LBP at the time of data capturing, a fairly high proportion (29.4%) of the
workers seem to have more serious LBP, which limits their daily activities. These
findings are in accordance with point prevalence rates of between 12 and 35%
mentioned in literature [2—-5, 34—39]. The 29.4% of workers who perceive to have
LBP, which limits their daily activities substantially, is, however, a point of concern
for this specific industry. Another interesting observation is that such more severe
LBP is more prevalent in the cell house workers than in the metal handling workers.
The nature of the tasks for these workers is that of hard manual labor, compared to

lighter work tasks of the metal handling house workers (Table 2).
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Trunk posture

Fig. 1 Cell stripping

Prolonged trunk flexion was associated with LBP with adjusted odds of between 1.24
and 2.16, with full flexion (90°) indicating higher adjusted odds than slight flexion
(45°). Trunk flexion in combination with twisting (45°) indicated an adjusted OR of
1.38 for the higher LBP disability group (FRI >30%). Various occupational tasks in
this plant such as manual handling of the metal plates in the cell houses, working in
the KOB and in the acid bath areas, all require frequent bending and twisting. For the
majority of workers (77 out of the 109) in this factory, their main job task is that of
cell stripping. Cell stripping involves the lifting of a plate of 20 kg out of a cell and
hanging the plates on a monorail at a height of 2.45 m. Two workers normally manage
these tasks where one worker lifts the plates out of the cells, and the other worker
assists in hanging the plates on the monorails (Fig. 1). These lifting actions require the
worker to perform full flexion, from a 0 cm stooping height (Fig. 2). Because of the
high frequency of lifting required (minimum 15/min), and the duration of the working
shifts (7.5 h), the workers spend considerable periods of time in full and moderate
spinal flexion. Secondary to the awkward position of full flexion, the neutral spine is
lost more often than not, and that together with twisting can cause additional torsion
forces on the spine [40]. The point prevalence in these 77 workers was also high with
values of 40.26 and 36.36%, using the inclusive and stringent classification of LBP

respectively.
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Fig. 2 Cell house worker stripping plates

Workers in the KOB areas also require full forward bending during certain
movements (Fig. 3) Although not as frequent, as during cell stripping, it must be
mentioned that most cell house workers rotate between work in the KOB areas, and
stripping cells. Workers who indicated KOB work to be their primary work task had a
point prevalence of 20% using both inclusive and stringent classifications of LBP.
These findings are consistent with positive associations between flexion posture and
LBP reported in literature [19, 41, 42]. The torsion forces that develop with combined
twisting and flexion are well known [9, 40], and numerous studies have identified
axial twisting of the torso as a significant risk factor for occupationally-related LBP
[43—-45]. Although trunk lateral velocity and trunk twisting velocity were not
considered in this study, they need to be taken in consideration when assessing
twisting and bending as a possible risk factor in the developing of LBP. Generating
high torque while the spine is twisted appears to create a problematic combination and

increases the risk for LBP [40].
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Fig. 3 KOB work and hammer used

Stair climbing

Stair climbing indicated a significant association (OR 3.08; CI 1.05-9.10) with the
inclusive definition of LBP, in univariate analysis. A study by Perkins and co-workers
[46] among pregnant women support these findings. A possible explanation for this
observation could be related to the layout of the cell houses. These areas are built on 2
levels, which force the workers to use the staircases frequently in their daily work
routine.

Manual handling and load carriage

Manual handling and load carriage was significantly associated with LBP with
adjusted odds of between 1.47 and 1.89. These findings, are supported in literature by
various authors who found manual handling and load carriage to be associated with
LBP [47-49]. Although monorails are used in this factory to transport metal plates, it
is occasionally required from the cell house workers to carry the plates from one cell
to another or between the acid bath and the KOB area. This then, often leads to
carriage of plates over distances, which support the possibility that load carriage over
a distance could lead to more serious LBP [50]. This load carriage takes place over
uneven and slippery surfaces, which may contribute to the risk attribution. Another
point to consider is that these plates are often uncomfortable to handle, which leads
the workers to carry the plates in non-ideal postures, which may again predispose to
LBP.

Lifting activities

Lifting activities were associated with LBP with adjusted odds of between 1.87 and

4.61 (Table 3). This is not surprising, when considering the lifting frequency and
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lifting parameters (stooping and reaching distances) prevalent in the task of cell
stripping. More than 11 times an hour was classified as exposure in the ORFQ, where
most cell strippers lifting at a frequency of minimum 15 lifts per minute. These
findings support the opinion of the NIOSH report [9], which in a critical review of 18
epidemiological studies, found 13 studies to be consistent in demonstrating a positive
relationship between lower back disorders and work-related lifting and forceful
movements. Our findings also support a South African study on musculoskeletal pain
and workplace stressors in the South African automotive industry by Schierhout and
co-workers [51], which found a total lifting score to be the only significant association
with LBP.

A noteworthy observation was that most workers lift the plates out of the cells with
straight legs (Fig. 2). That again raises the question of stooping versus squatting styles
of lifting, which according to McGill [40] is still unresolved, despite much research
comparing the two styles [52-56]. These workers do, however, use momentum to lift
the plates, which is a recommendation for reducing spinal load when exerting a force,
rather than always lifting slowly, which is an ill-founded recommendation for many
skilled workers [40].

Pushing and pulling

Pushing and pulling indicated a significant association (OR 4.38; CI 1.16—16.45) with
the more stringent classification for LBP, in univariate analysis. Various pushing and
pulling actions occurs in the Manganese plant. As mentioned before, the majority

(n = 77) of the labourers work in the cell houses and their main job task is to strip
plates (Fig. 1), together with pushing plates on a monorail from the cell to KOB areas
(Fig. 4). Cell stripping itself involves pulling actions to secure plates lifted from the
cells. Because of the elevated height of the monorails above the pelvic area, pushing
and pulling forces of sometimes 5—10 plates in combination (100-200 kg) pass by the
spine with a large resistance moment arm, requiring large muscle forces and spinal
loads [40]. Although velocities of motion and other biomechanical variables were not
taken in consideration in this study, the self-reported perceived exposure to
occupational risks of pushing and pulling activities is verified by the finding of a high

prevalence of LBP in the cell house labourers.
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Fig. 4 Cell house worker pushing plates on a monorail

Hoozemans and co-workers [15], in their review on pushing and pulling concluded
that epidemiological studies provide evidence that pushing and pulling are associated
with low back pain when factors such as the load, distance, frequency, handling
height, working method and worker characteristics are considered. Looking at the
literature, the risk of pushing and pulling has not been studied as well as lifting and
carrying, and generally epidemiological data available to answer the question of
whether pushing and pulling is related to musculoskeletal complaints is inconclusive
[12, 57, 58].

Environmental demands

Working on slippery and uneven surfaces was associated with stringently defined
cases of LBP (OR 4.72; CI 1.75-19.08), in univariate analysis. It is worth mentioning
that the cell house workers in the factory are mainly working in an area where the
floor surfaces are indeed slippery and uneven (Fig. 5). Literature is limited on this risk
factor, but in most ergonomic guides one will find recommendations on tidy and clean
work areas, to prevent slipping, especially during manual handling tasks. The risk of
injury to the spine may also increase when loss of balance occurs during lifting [59],
which tends to happen on slippery surfaces. This risk is compounded when workers
are in the process of stripping plates and when manganese material covers the floor of

the KOB areas (Fig. 3).
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Fig. 5 Cell house working surfaces

Some measured risk factors did not show any significant associations with LBP, with
some even indicating negative associations (Kneeling and squatting; OR 0.24-0.80 in
univariate analysis). These findings vary from other cohorts [60]. One explanation
could be that these workers seldom kneel or squat, while enhanced load capacity
could be another. Considering the mean working exposure of 7.78 + 6.99 years, the
role of self-selection and work hardening may be in play. When considering NIOSH
guidelines for lifting it is evident that demonstrated stooping height, reaching
distances, and lifting frequency, a lifting index is in excess, thus indicting the role of
self-selection and continuing performing the tasks at almost superhuman efforts. The
healthy worker effect could also be applicable here.

There are some potential limitations to the study that need consideration. Firstly,
cross-sectional research design necessitates caution with inferring causal paths.
Secondly, outcome was primarily based on self-reports and perceptions. Although
these were subjective measures, validated measuring instruments were used, and the
procedures followed also assured accurate, and reliable data.

A strong point of this specific study was the way in which occupational exposure was
measured. One finds in studies with high subject numbers, that physical factors are
typically measured at the group (e.g., job or task) level and often by observational
methods with limited precision or accuracy. In this study self-reported occupational
risk factors were assessed on an individual one to one basis, with a valid and reliable
tool (ORFQ), together with observational analyses (liftRISK) to assess lifting related
risk.

In this study we focused primarily on associations between self-reported occupational
risk factors and inclusive and stringently defined point prevalence of LBP, and

although a number of positive associations were found, relatively few statistically
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significant associations were found in this study. This could be ascribed to the size of
the cohort, and/or the acquired loading capacity of the subjects. These findings further
illustrate the specificity of every industrial setting, and confirm the necessity of
regional and industry-specific studies in seeking preventative measures to decrease
LBP. The findings also support multi-modal preventative approaches, which seem
better than single-modal interventions.

It is further recommended that prospective studies will follow in the South African
industrial setting to establish the temporal relationship between exposure and
outcome. Studies on stooping versus squatting styles of lifting, more in-depth studies
on pushing and pulling (load, distance, frequency, handling height) and studies on

individual worker characteristics are also recommended.
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