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Abstract
The paper reviewed the three main approaches for setting limits of load to be
limited manually. In the analysis the strengths and the weaknesses were
highlighted and a need for a new approach using spinal shrinkage and some
anthropometric dimensions was advocated. The approach may probably lead
to the development of a safe weight of lift that may be subject-specific. It is
expected that such an approach may be more protective of workers that the

approaches presently reported in the literature.
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Introduction

The industrial losses and the human agony as a result of manual lifting of loads have
necessitated the attention given to the determination of limits of loads to be manually lifted in
the last few decades as reported by [1-4]. There has been quite a number of research works
after the limits established by International Labour Organization (ILO) in 1962 to reduce
injuries especially to the low back attributable to manual load lifting. It was however noted by
[5] that no Occupational Safety and Health Agency (OSHA) regulations exist regarding what
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constitutes the maximum acceptable or safe weight of lift.

After this observation, several researchers have worked on the subject of manual load
lifting using three main approaches namely: Physiological, Psychophysical and
Biomechanical.

A review of the literature in this respect was carried out to evaluate the strengths and

weaknesses of the literature and explore opportunities for further research.

Material and Method

The review of the literature was done under the three main types of manual load lifting
approaches by consulting relevant literature and internet sources. The databases used in the
research include Science Direct, and PubMed. The Goggle and Yahoo search engines were
used to search the sources of the literature. The searching was done using the terms such as
manual lifting, spinal load and spine. The results of the findings are presented.

The strengths and weaknesses of each approach are also presented. The strengths were
taken to be capabilities of each approach while the weaknesses were the shortcomings and

limitations of each approach.

Results and Discussion

The Physiological Approach

A group of researchers focused on the use of physiological approach, research by [6]
and others such [7-10] readily belongs to this category.

The primary goal of this approach is to design tasks such that the physiological
response of the body will be within acceptable limits as observed by [6]. The physiological
variables as reported by [9] include pulmonary ventilation, oxygen uptake, energy
expenditure and heart rate. Astrand and Rodahil [11] as well as [10] reported that for 20-year
old conditioned male workers, the average maximum aerobic capacity was 20Kcal/min and
that for a 55-year old female; the average maximum aerobic capacity was as low as
7.3Kcal/min. On the basis of this, energy expenditure limits were set for frequent lifting.
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The Psychophysical Approach

Snook [12] advocated that psychophysics was the subjective rating of the physical
effort or strain on the job, and postulated that there was an association between psychophysics
and potential low back injury during manual lifting. The psychophysical approach was
defined directly using measures of maximum acceptable weight of lift and indirectly by
measuring isometric strength.

Snook and Irvine [13] had proposed the use of experimental procedures to determine
the subject’s preference for weight to be lifted under given task conditions based on
monitoring the subject’s feelings of exertion or fatigue, and call the subjectively chosen
weights the maximum acceptable weight of lift (MAWL).

The work of [13] was actually to expand the work of [14]. Emanuel et al [14] had used
the concept of allowing subjects to select loads that they felt were the maximum they could
safely lift. Some years later, [15] gathered data on one- and two-handed lifting capabilities for
three different vertical heights of lift for subjects who indicated they could lift 5, 10, or 20 Ibs
increments.

Snook and his co-researchers continued their research using the psychophysical
approach as reported by [12] and [16] — [18] and were joined by others such as [19] — [22]
using this approach.

The Biomechanical Approach

The other approach used to estimate the injury potential of material handling tasks is
to assess the tasks from the biomechanical perspective as used by [4]. Biomechanics is the
application of the principles of mechanics to the physical structure of human beings. The
commonly used biomechanical measures include peak joint moment, peak compression force
on the spine and peak shear force on the lumbar spine as noted by [23]. The goal of any
criterion is to set limits on the physical stresses imposed during lifting and using the limits to
determine the load that can be lifted. The most commonly used criteria are compression
limits for the L4/L5 or L5/S1 Joints, and / or maximum joint torques. The compression limits
for the L4/L5 or L5/S1 Joints are usually derived from cadaver studies of spinal failures while
maximum joint torques are derived from the results of empirical studies in which the
maximum voluntary contraction capability of joints are collected from a group of subjects as
observed by [6].
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The strength testing criterion was used by [24] and [25]. In fact [25] suggested a work
limit of 40-50% of maximum lift strength for repetitive lifting and 70% for occasional lifting.

Jager and Luttmann [26-28] used the peak compressive force on the lumbar spine and
found that lumbar vertebral units failed at compressive loads varying from 3,698N to
12,981N. Jager and Luttmann [28] confirmed that both age and gender have noticeable effects

on compression tolerances.

The NIOSH Equations

The National Institute of Occupational and Safety Health (NIOSH) having recognised
the growing problem of work-related back injuries published the Work Practises Guide for
Manual Lifting in 1981. The lifting equation gained prominence among health practitioners
since it provided an empirical method for computing a weight limit for manual lifting. This
limit proved useful for identifying certain lifting jobs that posed a risk to the musculoskeletal
system for developing lifting related low back pain as established by [29].

The NIOSH convened an ad hoc committee of experts in 1985 to review literature on
lifting including the NIOSH Work Practices Guide of 1981. This revised edition became the
1991 lifting equation which reflected new findings and provide methods for evaluating
asymmetrical lifting tasks, objects with less than optimal hand-container couplings and offers
new procedures for evaluating a large range of work durations and lifting frequencies than the
1981 equation. The 1991 lifting equation as believed by NIOSH is more likely to protect
most workers than the 1981 equation.

The reasons are that:

1. The 1991 equation is applicable to a wider variety of lifting jobs because of the addition
of the asymmetric and coupling multipliers a

2. The recommended weight limits computed are generally lower than the Maximum
Acceptable Weight Limits reported by [16].

However, [30] reported that the NIOSH Committee noted that due to uncertainties in
the existing scientific studies and theoretical models, further research was needed to assess the
magnitude of risk for lifting- related low back pain and its association with the lifting index.
Table 1 shows the comparison between the 1981 and 1991 NIOSH equations.
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Tablel. Comparison between the 1981 and 1991 NIOSH Equations

Components 1981 Equation 1991 Equation
LC = Load Constant 40kg 23kg

HM =Horizontal Multiplier 15/H 25/H

VM = Vertical Multiplier 1-0.004(|V-75|) 1-0.003(|V - 75))
DM = Distance Multiplier 0.7+7.5/D 0.82 + 4.5/D
AM = Asymmetric Multiplier Not Available 1-0.0032A

FM = Frequency Multiplier 1-F/Fmax From Table

CM = Coupling Multiplier Not Available From Table

H = Horizontal distance of hands from midpoint between the ankles (cm).

V = Vertical distance of the hands from the floor

D = Vertical travel distance between the origin and destination of the lift (cm).

A = Angle of asymmetry — angular displacement of the load from the sagittal plane.

F = Average Frequency rate of lifting measured in lifts/min.

1981 Equation (Action Limit): AL = LC x HM x VM x DM x FM - Eq(1)

1991 Equation (Recommended Weight Limit): RWL = LC x HM x VM x DM x AM x FM x CM - Eq(2)

The Maximum Acceptable Weight Limit (MAWL)

The Maximum Acceptable Weight Limit (MAWL) was based on the psychophysical
approach.

Dempsey and Ayoub [2] stated that with the assumption that the biomechanical and
physiological criteria are correct; the psychophysical approach provides limits that violate the
biomechanical and physiological criteria at very low and high frequencies respectively.

The physiological criterion has been used because lifting especially if it is repetitive
requires energy expenditure being a dynamic activity. Mital et al [31] observed that the
criterion is more useful than the biomechanical criterion where high frequency of lifting is
needed for the physiological design criterion. However, they identified two associated
problems which are specifying the upper limit of oxygen consumption as a percentage of
aerobic capacity that can be sustained without undue fatigue and deciding on what kind of
aerobic capacity to be used to express that percentage. Dempsey [4] recently noted that
measuring oxygen consumption in the field is not only expensive but also interferes with the
performance of the task.

The psychophysical criterion has been extensively used in MMH research not only to
determine the maximum acceptable weight of lift [32] but also the frequency of lifting [13].
The criterion is said to combine the physiological and biomechanical criterion. Snook [33]
attested to the fact that the major disadvantage of the criterion is its subjectivity and stated
that the method would be replaced when and if more objective methods become available.
However, [8] noted that several investigators asserted that the criterion is an appropriate
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single criterion to use to determine lifting capacity. Ciriello et al [17] stated that
psychophysical data collected in short periods are valid for task frequencies of up to 4.3 per
min. One must therefore be careful if the criterion must be used for designting tasks with
moderate to high frequencies.

Karwoski et al [34] postulated that at least one of the results of the classical
psychophysical experiments, which are to indicate what is acceptable to the human subjects,
might not be suitable as direct estimates for load limitation and for design purposes for lifting
tasks. They opined that if the psychophysical approach is to be used for setting limits in
manual lifting tasks, its experimental outcomes may need to be modified, the extent and
magnitude of which must be based on the comprehensive studies across different sets of
lifting task variables. They suggested the use of cognitive engineering approach. Jorgensen
et al [4] observed that there was no association between spinal loading and changing the load
weight prior to the next lift during the psychophysical method of determining an acceptable
load. Davis et al [35] confirmed the conclusion of [4] when they used different subject of
variables (muscle forces, heart rate and spinal loads). They concluded that if spinal loading is
assumed to be a mechanism of injury as proposed by NIOSH, [36] and [37], then this lack of
association in combination with high spinal loading at the Maximum Acceptable Weight
Limit indicated that the psychophysical criterion may not be protective of low-back disc
injuries. Also, the psychophysical approach does not seem to take the anthropometric
dimensions of the lifter into consideration.

The biomechanical criterion provides a useful indication of the potential for the
assessment of combination task risk. The primary biomechanical criteria are based upon peak
joint moment, peak compression force on the lumbar and peak shear force on the lumbar
spine. The primary biomechanical criteria used are based upon spinal compression and
maximum voluntary torque capabilities of the various major joints involved in performing a
Manual Materials Handling task. The probability of failure has been found to increase as the
number of loadings increased by [38].

The mechanical properties of the intervertebral discs are dependent upon both the
loading history and the applied load [39].

Dempsey [40] noted that some dynamic measures of capacity such as power, have
been ignored by ergonomists, and these factors may prove to be effective predictors of

Manual Materials Handling (MMH) capacity. Biomechanical variables have also been shown
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to be important determinants of structural failure as well as of increases in risk of low back
disorders [4].

Kumar and Mital [41] observed that though pain is a physiological mechanism for
ensuring system safety but every injury is a mechanical disorderliness or disturbance of
normality associated with such episodes.

They stated that if biomechanical safety can be maintained for these spinal segments
and elements, the problem of low back pain could be largely controlled. Chaffin and
Andersson [42] earlier affirmed that greater workloads increase mechanical stress (and thus
strain) to the cause of low back pain. Also, ‘dynamic estimates of compression and strain
rates were significantly better predictors of risk while lifting than static estimates of
compression, dynamic estimates of shear forces and ligamentous strain rates’ [43].

Based on the foregoing and the fact that the biomechanical approach is an objective
method, it seems to be the best criterion to be considered for the determination of the limit of
weight to be lifted manually.

Moreover, the fact that dynamic estimates of compression as a criterion of
biomechanical approach has been used while that of strain was yet to be explored and the fact
that some dynamic measures of capacity such as power (energy) have been ignored by
ergonomists [40], a study based on these overlooked aspects may be worthwhile.
Furthermore, it has been confirmed by [44] that the rate and magnitude of disc compression
are caused by the loading and its temporal pattern. It is also a fact that people’s spine shrink
during the day and this varies between individuals probably due to different types of work
undertaken [45]. Dolan et al [46] while conducting research on bending and compressive
stresses acting on the spine during lifting activities concluded that “complex spinal loading
during lifting tasks depend as much on the speed of movement, and the size and position of
the object lifted, as on its mass”.

Moreover, the Recommended Weight Limit (RWL) that was reported to combine the
physiological, psychophysical and biomechanical approaches had some fundamental
limitations. The limitations as reported by [30] are:

1. That a significant part of the equation is based on the ‘psychophysical data that may
reveal more about a worker’s tolerance to stress than of impending low back pain’.
2. The physiological approach used ‘does not address the potential risk associated with

cumulative effects of repetitive lifting, which may be independent of the level of whole
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body fatigue’
3. The three approaches if employed individually may probably not protect the workers.

Similarly, Elfeituri and Taboun [47] demonstrated the limitation of the revised NIOSH
lifting equation especially as related to the design and analysis of realistic industrial jobs.
When simulated in the laboratory, lifting tasks showed that NIOSH lifting index was very
sensitive to horizontal location of load and frequency of lifting [48] at the expense of other
task parameters. In fact, [49] observed that to define the RWL (Recommended Weight Limit),
‘the technical measures that can be used as gold standard” for the NIOSH evaluation are not
existing because of the complex nature of the multipliers employed.

It may therefore be necessary to consider establishing a relationship between strain
energy, weight to be lifted and spinal shrinkage as well as some relevant anthropometric
dimensions of human subjects. Moreover, the earlier models do not lay emphasis on the
anthropometric dimensions of the lifters despite the fact that individuals differ

anthropometrically.

Conclusions

A critical analysis of the three main approaches in setting manual weight lifting limits
was done. This was undertaken to expose the approaches and provide an alternative way to
determine the limits (and probably a safe weight of lift) of weight to be lifted manually. It is
believed that if consideration is given to the inclusion of spinal shrinkage and some
anthropometric dimensions in manual weight lifting limits, it would be more protective of the

workers and would be subject-specific.
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