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Abstract. The incidence of low back pain has continued to increase in modern society, despite the considerable amount of
scientific research that has aimed to isolate its exact aetiology. Although low back pain is still largely idiopathic, research has
identified over one hundred risk factors for the condition. Of these risk factors, manual material handling tasks are perhaps the
most widely explored within the biomechanical literature, as these tasks have been associated with high mechanical stresses on the
lower back. Numerous technique-related variables have been addressed by researchers, whilst the influence of intra-abdominal
pressure has also been considered. In addition to this, the implications of variations in the size and structural composition of the
load have also been assessed. However, low back pain continues to pose a significant threat to the financial stability and happiness
of millions of people worldwide. In addition, a number of functional work capacity assessment tests use lifting as a method for
assessment of return to work condition. Many of these tests are not standardised and do not consider the implications of low back
loading. Therefore new research attempts in this area are justified and should aim to identify the extent of the association that

exists between the known risk factors and the incidence of low back pain.
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1. Introduction

It is well established within the literature that low
back pain is a significant cause of functional disability
in both the working population and the general pub-

ducted within the USA, indicating an annual incidence
rate of 25% within the population [86].

In addition to the functional debilitation that is com-
monly associated with low back pain, there is also a
major socioeconomic impact, as it is recognised as the

lic[41]. Overthe past decade, research has consistently single most expensive disorder of an occupational ori-

reported the lifetime prevalence of low back pain to be
between 60 and 80 percent within the general popula-
tion [13,38,71,87,120]. In addition to this, epidemio-
logical evidence from the USA has suggested that ap-
proximately 20 percent of the general population is af-
fected by low back pain each year, whilst the annual in-
cidence rate in European countries is approximately 40
percent [100]. Epidemiological data presented for the
UK and Canada is consistent with those studies con-
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gin [26,41]. In an editorial written by Buchbinder, Jol-
ley and Wyatt [6], it was estimated that the incidence
of low back pain in 1994 cost the Australian public al-
most $400 million (all figures in US dollars). However,
more recent evidence suggests that this figure has in-
creased in recent years, with annual worker's compen-
sation costs of almost $300 million [118] and $26 mil-
lion [124] reported for the states of Victoria (Pop. 4.8
million) and South Australia (Pop. 1.5 million), alone.
On an international level, the incidence of low back
pain is reported to cost the United Kingdom 2.6 billion
dollars each year [79], whilst the disorder reportedly
costs the New Zealand public in excess of $93 million
annually [1]. On a much larger and more significant
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scale, low back pain is reported to cost the USA be- 2.2. Selection of dependent variables

tween 15 and 30 billion dollars in lost wages, medical

costs and lost productivity each year [35,67,87]. An Although previous research has suggested that an
estimated 11.4 billion dollars of this total is credited to  individual's anthropometry, surrounding environment,
workers compensation costs alone, whilst the remain- and psychological state may play an important role in
der is attributable to indirect costs, such as the loss of the development of low back pain [67], only those pa-
productivity and the training of new workers [26]. pers concerned with mechanical risk factors, particu-

Manual material handling tasks, such as lifting and larly lifting, were included in this review. This review
lowering, pushing and pulling are considered to be discusses the different methods of lifting and their re-

major risk factors in the development of low back s.pective advarltages and disadvarltages,whilstalso con-
pain [21]. Research conducted in the USA by the Bu- sidering the dlffe_rences tha_lt are mhere_nt in the verte-
reau of Labour Statistics [96] indicated that four out bral I_oads_ gxperlenced dur_lr)g symmetrical an(_j asym-
of five manual handling injuries occur in the lower metrical I|ft|r_|g tasks. Agdmonally, the po';entlal_m-
back, with three of these injuries attributable to man- fluen_ces 9f intra-abdominal pressure are |nvest|ge}ted
ual litting tasks. The high rate of incidence and the in this review as the role that this moment generating

: ) ¢ of industriallv-related low back mechanism plays in spinal compression is still of some
S°.°'°h'e°°”‘?m'cl Coj r? n ‘:jsf ra ﬁ'rea € dOW ag, debate within the literature [15,18,78]. Finally, this
pain have stimulated the needfor a better understanding . ie\y summarises the findings of previous research

of the manner in which such problems arise and how ¢, cerned with the effects of a change in the magni-
they may be controlled through better public awareness y,qe of the load, its dimensions, physical characteris-
and improved workplace design. The purpose of this ics and relative positioning from the body, as each of

article is to present a review of the epidemiologicaland  these factors have been shown to affect the magnitude
aetiological factors concerned with low back pain and  of mechanical loads [29,82,114].

lifting.

3. Low back pain: Epidemiology and aetiology
2. Methodology _ .
Low back pain has been a common and widespread
problem for decades and despite numerous efforts to
2.1. Literature search limit its prevalence in modern society, the incidence of
low back pain has continued to increase to near epi-

The research used in the compilation of this review 9€mic proportions [31,59,102]. Epidemiological re-
was located using the Medline, PubMed and Sports search has consistently reported low back pain as the
Discus databases. in which a series of searches Weremostfrequentcause of activity limitation amongst those
performed for relevant papers published in English be- aged less than 45 years [85,100] and the third most ire-

tween 1980 and 2002. For the purposes of this review, quent, pehind arthritis and coronary heart disease be-
keywords, such as lifting, low back pain, manual ma- yond this age [75,108]. In a previous study, low back

terial handling and injury were entered into the search pain (LBP) was described as being an acute pain in
. g andinjury ) the lumbar spinal region, localised below the belt line
fields and combined to locate the most pertinent re-

h. Th its of thi hi q and above the gluteal sulcus, occurring intermittently
search. The results of this searching procedure were or continuously over a period of two days or more [71].

initially screened using the title of the relevantarticle as  pravious literature also suggests that it is not uncom-
a guide and then further reduced based on the content 4, for sufferers of LBP to experience numbness, tin-
of the abstract. Those papers that were considered 10 gjing or radiating pain down through the buttocks and
be primarily concerned with manual material handling - the lower extremities due to soft tissue damage [62,71,
tasks, such as lifting, and the prevalence and develop- 120]. Although some research has suggested that the
ment of low back pain were selected for further exam- onset of LBP typically occurs early in the third decade
ination. In addition to those papers collected from the of life [40], other studies have suggested that the inci-
bibliographic databases, several other pieces of litera- dence of LBP tends to increase in early adolescence,
ture cited in the retrieved articles were collected and possibly coinciding with puberty [9,70]. Researchers
used to compile this review . have established that the early incidents of LBP expe-
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rienced in these adolescent years are related to thoseposed to excessive compressive loads, which have the
experienced in adult life [26,105]. As a consequence, potential to hasten degenerative changes in the inter-
these researchers suggest that a better understanding/ertebral discs or lead to fracturing of the intervertebral
of the aetiology of LBP could be established if future endplates [11,61,81,117].
research efforts concentrated on juvenile LBP, rather
than the previously established LBP of adults [70,105].
Within the previous literature, it has been widely re-
ported that the incidence of LBP increases with age,
before reaching a plateau or declining around sixty It has been sufficiently established within the previ-
to sixty-five years of age [8,26,71]. Conversely, it ous literature that tasks involving manual material han-
has been hypothesised that the degenerative changedling can have potentially hazardous implications on
attributable to osteoporosis, tend to cause females to vertebral structures of the lumbar spine [49]. As many

4. Manual lifting tasksand injury

experience LBP more frequently as they increase in
age [40]. According to Lee and colleagues [71], the
pain experienced as a result of LBP is more prolonged
and disabling later in life, irrespective of gender.
Despite the large amount of scientific research that
has been performed in this area, LBP is still considered
idiopathic, due to the vast uncertainties that surround its

activities of daily life involve some form of manual ma-
terial handling, specific research has concentrated on
minimising the effects of lumbar loading, such that the
risk of LBP may be reduced [37,121]. The following
sections provide an overview of the literature pertaining
to both symmetrical and asymmetrical lifting activities
and also encompass the influence of intra-abdominal

aetiology [21,34,62,74,75,100]. However, due to the pressure, and the effects of different load designs on
widespread prevalence and the socio-economic impact the magnitude of spinal loads.

that it has on society, it has been an important aim

of many of these studies to define the common risk 4.1. Manual lifting tasks as a cause of low back pain
factors associated with the development of LBP [42].

These investigations have generally implemented one  Due to the potential causative association that exists
of four common approaches when identifying these between MMH and low back pain, much of the biome-
primary risk factors; an epidemiological approach; a chanical literature concerned with physical load han-
physiological approach; a biomechanical approach; or dling has been directed towards the quantification of
a psychological approach [23]. In these investigations mechanical stresses in the lower back [20]. It has been
over one hundred risk factors have been established well documented within the literature that the torsional
for LBP, however due to the multi-facetted nature of and cumulative compressive loads that are often associ-
LBP the extent of their contribution to the disorder has ated with bending and lifting tasks play a contributory
been difficult to ascertain [67]. Separate researchers role in the development of low back disorders [5,11,24,
have presented contradictory results for most of the 72,73,99]. In addition to this, other authors have sug-
reported risk factors, questioning the reliability of the gested that biomechanical variability in the handling of
established relationship between each feature and the materials may also play an important role in the onset

development of LBP [8].

Many epidemiological studies have suggested that
disorders of the lower back develop as a result of a
patient's personal characteristics and lifestyle, rather
than their exposure to physical stressors [3]. However,
previous investigations have also identified several me-
chanical risk factors to LBP and the most common of
these is manual material handling (MMH), which en-
compasses tasks that involve lifting, lowering, pushing
and pulling [22,46,107]. The inherent risk associated
with MMH is reported to be greater for females [76]
and is believed to increase when a movement involves
excessive forward flexion [36,53,105] or spinal tor-
sion [57,76,116]. It has been theorised that during the
performance of these tasks, the lumbar spine is ex-

of low back pain [10,50,51,56,65]. In general, a typ-
ical lifting movement can be divided into two distinct
phases; a loading phase, during which the subject ex-
erts a vertical force on the object until it moves; and a
lifting phase, which involved vertical displacement of
the mass [114]. Previous research has indicated that
the highest compressive and shearing forces are experi-
enced during the early stages of the loading phase, gen-
erally within the first 0.2 to 0.4 seconds of the lift [23,
44,54]. During the performance of a lift, the body is
affected by internal stresses, which result from internal
pressures, the tautness of surrounding musculature and
other passive components; and external stresses that are
caused by the weight of the body segments, the length
of the moment arms and the load itself [84]. In order
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to manage the combined weight of the load and body
segments, it is necessary for an individual to produce an
adequate amount of internal force to stabilise the trunk
and manipulate the load [104]. Previous literature has
suggested that the vertebral column copes with these
internal forces by sharing the load amongst a number
of structures within and surrounding the intervertebral
joint, particularly the intervertebral discs, the facets,
the ligaments and the musculature [47]. However, a
separate study suggested that this notion was only plau-
sible under specific circumstances, as the orientation
of the vertebral bodies tends to differ between lifting
techniques, consequently altering the size and shape of
the adjoining surfaces [94].

For many years it has been advocated that the pre-
ferred method of lifting and lowering should be the
leg or squat lift (Fig. 1), which is performed with the
knees flexed and with the natural curvature of the spine
maintained [103,108,116]. The universal prescription
of this technique has been based on experimental ev-
idence, which has suggested that this technique better
distributes the load over the entire vertebral body [93],
decreases compressive forces by shifting the stress from
the lower back to the extremities [66,110], and reduces
intervertebral shear forces [49]. In addition to these
benefits, maintenance of the normal lordotic curve dur-
ing lifting has been shown to limit the stress placed on
the posterior ligaments of the back and is believed to
share up to 40 percent of the compressive load with
the facet joints [87,113]. A study conducted by Tou-
ssaint and colleagues [110] tested the concept of load
transferal from the spine to the lower extremities dur-
ing lifting tasks that utilised the leg lifting procedure.
The results of this investigation indicated that the net
knee moment was reduced during the performance of
a leg lift, when compared with a back lift [110]. These
results made it difficult to conclude that spinal loading
was reduced during leg lifting, as the researchers had
expected to see an increase in the net knee moment,
if the load was, in fact, transferred to the legs [110].
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Fig. 1. The leg lifting technique.

An alternate lifting technique that is commonly used
is the back lift (Fig. 2), which is performed with the
knees in extension, whilst the hips and lumbar spinal
regions flex forward [49,55]. It has been suggested that
this technique places the spine in a vulnerable position,
placing the trunk at a muscular disadvantage [98], con-
sequently leading to high levels of compression [28,
103,106]. The excessive forces associated with this
technique have often been connected with injuries of
the posterior intervertebral ligaments [2,27] and pro-
lapse of the intervertebral discs [29,45,105]. Contrary
tothese results, other biomechanical analyses have sug-
gested that this technique actually results in slightly
less spinal compressive forces than the leg lift tech-
nigue [21,29,34]. In fact, previously presented results
suggested that the forces occurring at the lumbosacral
joint (L5/S1) during a leg lift can be as much as 50
percent higher than the back lift, when the load is lifted
away from the body [45]. In addition to this, epidemio-
logical data and occupational assessment has suggested
thatindividuals prefer to back lift rather than leg lift [87,
116]. Several comparative analyses of these two tech-

Separate studies suggested that the compressive forcesiiques suggest that this preference is based on an in-

experienced during leg lifts, were only lower than those
seen in other techniques when the object was elevated
between the knees [97], as this positioned the load’s
centre of mass closer to the body [87].

Although most people are aware of the proposed
method for safer lifting, there are very few tasks that
can be performed whilst adhering to the guidelines of
the leg lifting procedure [87,93]. As a result, individ-
uals generally employ an alternate method of lifting in
order to meet the demands of the specific task [55,87].

crease in the perceived physiological cost of the leg lift
technique due to the needto raise the load and trunk ver-
tically [94,108,111]. Separate research has addressed
the role of the spinal musculature in back lifting and
found that the electrical activity declined markedly as
the spine approached full flexion; this phenomenon is
known as flexion-relaxation [87,109]. Whilst the spine

is in this flexed position the load is fully supported by
the spinal ligaments, requiring little to no energy expen-
diture and consequently limiting the negative effects of
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Fig. 2. The back lifting technique. Fig. 3. The freestyle lifting technique.

fatigue [87,109]. Investigators have observed the ef- speed and consequently should be performed as fast
fects of fatigue on lifting technique and have noted a as possible [48,77,87,111]. This suggestion was based
31 percent decrease in lifting power [107] and a ten- on the notion that the annulus of the intervertebral disc
dency for individuals to shift from a leg lift technique is the main load bearing structure of the joint and its
to a back technique, supporting the evidence presented ability to safely bear excessive loads decreases with
for the apparent metabolic efficiency of back lifting [7,  time [48]. Despite the contrasting results, most of the
107,116]. literature tends to agree that whilst the vertebral col-
Although much of the biomechanical literature is umn is moving under load, the individual should avoid
confined to the assessment of the two lifting techniques any sudden changes in movement, as this can result in
that have been discussed, there are several researchersmomentary, yet potentially injurious overloading of the
that have addressed a freestyle lifting technique [45, lower back structures [86].
97]. The results of these studies suggested that, if given ~ Whilst it has clearly been established that the lift-
the choice, an individual would choose to lift a load ing of a load plays an important role in the aetiology
with a technique that they felt best suited their style of low back pain, it is necessary to also consider the
of movement [45,97]. This technique was visually implications of lowering a load of the same magnitude
described as being a combination of the leg and the to a lower surface. Previous research indicates that 52
back lifting techniques (Fig. 3) and was alleged to have percent of all manual handling tasks are lowering in
been selected to minimise the perceived strain of the nature and two out of every three musculoskeletal in-
lift, whilst saving both time and energy [97]. juries occur during lowering activities [68]. With this
Despite the fact that much of the biomechanical liter- in mind, it is interesting to note that lowering tasks are
ature has been concerned with the effect of the different less physiologically demanding than lifting tasks [16,
lifting techniques on spinal loading, many researchers 23] and intra-abdominal pressure is lower [23,72]. In
have suggested that the speed at which the load is raisedaddition to this, the force generated by the trunk exten-
may also play an important role in lumbar loading and  sor muscles during lowering activities has been shown
the prevalence of low back pain [30,44,48,58,69,87, to be almost 50 percent less than the force generated
111]. Results from some of these studies suggest that during lifting movements, independent of trunk asym-
when a lift is performed quickly, the magnitude of the metry [16]. Although some research has indicated that
compressive and shearing forces, the torque and the compressive forces are higher in lowering tasks [16],
myoelectrical activity are directly affected and tend to most of the literature tends to suggest that lower com-
increase in magnitude [30,44,58,69]. Conversely, other pressive forces are experienced during lowering activ-
studies have presented results, which suggest that awk-ities [23,112].
ward and heavy loads place greater stress on the inter- The body of knowledge that now exists regarding
vertebral joints when the lift is performed at a slower low back pain and its association with lifting has led



178

to the realisation that there is a clear need for biome-
chanically accurate methods for determining the mag-
nitude of specific forces that can safely be borne by
structures of the spine [122]. One of the first cited rec-
ommendations was made by the International Labour
Office in 1967, who suggested that a load of 50 kg
should be considered the maximal mass to be lifted by
a healthy adult male [111]. However, the calculation
of this maximum load failed to take into consideration
the size of the load and the distance that its centre of
gravity was positioned from the body’s centre of mass
and consequently was ineffective in reducing the mag-
nitude of potentially injurious stresses [111]. Over a
decade later, the National Institute for Occupational
Safety and Health (NIOSH) developed an equation that
was used to predict the 3433N safety limit that is often
promoted as the upper limit of spinal compression that
can safely be endured by the majority of the working
population [91]. However, there was stipulation that
the criteria on which the formula was derived did not
agree with the findings of current biomechanical liter-
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perienced during asymmetrical lifting activities when
compared with symmetrical lifting activities. As a re-
sult of the potential relationship between asymmetrical
lifting and low back pain, the revised NIOSH lifting
equation incorporated a modulation factor for asym-
metrical lifting [123]. This modulation factor mediates
lifting limits by 10 percent for every 30of asymmetry
involved in the movement, regardless of the whether
the lift origin is left of the sagittal plane or right of the
sagittal plane [123]. The findings of the study con-
ducted by Marras and Davis [80] suggested that these
guidelines were over-simplified and should take into
consideration the hands being used to perform the task;
the direction of the movement and a non-linear mod-
ulation factor for two-handed lifting tasks that involve
more than 60 of asymmetry. These suggestions were
based on the findings of their study, which indicated
that compressive forces were only increased in asym-
metric lifting when the load was being lifted with both
hands or, to a lesser extent, when the load was being
transferred across the body with a single hand [80].

ature and as a result, could not accurately predict safe Their findings also suggested that spinal compression

loading limits [48]. As a result of these claims, the
guidelines of the NIOSH lifting equation were revised
to correspond better to the finding of biomechanical re-

search and to take into account, amongst other things,

the dynamic nature of lifting movements [123]. De-
spite the improvements made in the revised equation, it

was lower when the lift originated from the right of the
sagittal plane and tended to increase as a function of
asymmetry to 60, after which it increased dispropor-
tionately [80]. The discrepancy noted between the left
and the right hand origin of the lift and the magnitude
of spinal compression may be partially explained by

has been suggested that the equation needs to consideanatomical data presented by McGill et al. [88]. With

other additional factors, such as the velocity of the per-
formance and the degree of asymmetry involved in the
lift, in order to accurately present guidelines for safer
manual load handling [69,80].

4.2. Loading characteristics of symmetrical and
asymmetrical lifting tasks

Although lifting has been recognised as a primary
risk factor in low back pain for many years, the concept
of lifting asymmetry is relatively new and has recently
started to receive a substantial amount of interest in
the lifting research [21,43,61,64,80,117]. Gagnon and
colleagues [43] defined an asymmetrical lift as one that
involves rotation of the shoulders relative to the hips
or has the trunk deviate from the sagittal plane. Epi-
demiological research has shown that when a lifting
task is performed asymmetrically there is an increase
in the risk of low back pain and intervertebral disc her-
niation [64,117]. It is often argued that this increased
risk is due to the increased muscle co-activity [80,117]
higher compressive [80,117] and shear forces [80] ex-

the aid of CT scans, McGill and colleagues [88] re-
ported thatthe cross-sectional area of the erector spinae,
external oblique and internal obliqgue were 10 to 14 per-
cent smaller on the right-hand side of the body, whilst
the rectus abdominis was 11 percent larger on the right-
hand side.

In an occupational setting, research has indicated
that workers tend to adopt an asymmetric posture when
lifting heavier loads, due to the improved mechanical
advantage that they receive in these positions [43]. Ad-
ditionally, the twisting movements that are used dur-
ing asymmetrical lifting activities have been found to
require less energy than foot movements such as step-
ping or shuffling, adding to the perceived benefits of
this lifting style [43]. The use of this technique can
be justified in terms of the perceived advantage that
it offers an individual, however, it cannot be justified
mechanically, as research suggests that the structures
of the spine are not adapted to supporting large forces
in these positions [43,64]. In a study performed by
Ueno and Liu [113] the results indicated that the num-
ber of annular fibres used to resist a compressive load
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on the intervertebral disc decreased when the spine was ture of the pelvic floor and the oblique muscles appear
rotated. This possibly suggests that the intervertebral less important [60]. Additional studies also indicated
disc is more vulnerable to damage during asymmetrical that the transversus abdominis was active during lifting
lifting tasks when compared with symmetrical lifting  tasks and played an important role in the production
tasks, even when spinal compression is maintained at of intra-abdominal pressure [14,108]. It was advised
a constant level [5,43]. Gagnon and colleagues [43] by Norris [95], that in a lifting activity that involved
concluded that pivoting with the load was a safer way the contraction of the rectus abdominis, both the intra-
of manually transferring materials, as it tended to min- abdominal pressure and flexion torque would rise, con-
imise the effects of the muscular imbalances induced sequently increasing the compressive forces placed on

by the asymmetry of the task.

Several researchers have advocated that an asymmet-

rical lifting technique would be preferred over the sym-
metrical back and leg lifting techniques, if the asym-
metrical technique limited trunk flexion and maintained
the load as close to the body as possible [4]. It was
suggested that the asymmetrical straddle-legged lift,
which involves the placement of one foot beside the
load and the other behind it (similar to the technique
shown in Fig. 3), was successful in meeting these cri-
teria and consequently had the potential to reduce the
loading on the lower back [4]. However, in a recent
study, the straddle-legged lift was found to have no sig-
nificant effect on spinal compression when compared
with a symmetrical back lift and a free lift, but was
significantly better than the symmetrical leg lift [21].
The authors concluded that the benefits provided by the
straddle-legged lifting technique were only marginal,

the lumbar spine.

Research that has compared the differences in intra-
abdominal pressure between the leg and back lifting
techniques has indicated that the magnitude of intra-
abdominal pressure tends to be higher when the trunk
is flexed during the back lift [45,63,75,87,112]. Only
one of the reviewed investigations found the intra-
abdominal pressure to be greater during a leg lift when
compared with the back lift [89]. The above studies
compared the differences in intra-abdominal pressure
evident between different lifting techniques, but the re-
lationship that exists between intra-abdominal pressure
and lowering is equally important, as some forces can
be expected to be higherin lowering than in lifting [15].
Research investigations that compared the differences
in intra-abdominal pressure during lifting and lowering
tasks have shown that the pressure measured during
lifting tasks was much higher than that recorded dur-

but suggested that the technique provided a good basis ing lowering tasks [15,23,72]. It was hypothesised by

of support and thus may be beneficial under conditions
that challenge an individual’s balance [21].

4.3. Theinfluence of intra-abdominal pressure on
vertebral loading

It has been well established that lifting and lower-

ing tasks can place the lumbar spine under a series of

physical stresses, which are potentially injurious and
can lead to the onset of a low back disorder [11,24,
99]. However, much of the previous literature indicates
that there is a significant increase in intra-abdominal
pressure during the performance of strenuous lifting

Cresswell and Thorstensson [15] that the higher intra-
abdominal pressure observed during lifting activities
may have been the result of a greater need for truncal
stability during lifting activities. This notion is sup-
ported by evidence that has indicated that low back pain
patients have higher levels of intra-abdominal pressure
than asymptomatic individuals [71,112].

4.4. Load variability and its effects on forces within
the vertebral column

The physical stresses associated with lifting are
known to be dependent not only on the magnitude of

tasks [15,101,108]. Many researchers have advocated the load, but on its dimensions, physical characteristics

that this increase in pressure helps to stabilise the lum-
bar spine against the large flexion forces induced by the
initial acceleration of the load [12,60,87]. The increase
in intra-abdominal pressure occurs as a result of the
synchronised activation of the abdominal muscles, the
diaphragm and the muscles of the pelvic floor [95,101,
112]. Previous investigations have indicated that the
diaphragm is the most important muscle involved in in-
creasing intra-abdominal pressure, whilst the muscula-

and its relative position to the body [97]. Due to this
relationship, a substantial amount of the biomechani-
cal research has addressed the effect that load place-
ment [29,64,108], load characteristics [17,39,83] and
load knowledge [13,114] has on vertebral loading. Pre-
vious research has reported that when the load is placed
at a greater horizontal distance from the body’s centre
of gravity, the compressive forces acting on the lumbar
spine increase [29,64,97]. Similarly, researchers have
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observed that lifting a load that has been placed be-
tween the feet at a horizontal distance of zero from the
body’s centre of gravity also leads to a slight increase
in lumbar flexion and spinal compression [29]. It is
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pression increased at a faster rate and reached higher
peak values, when a load was lifted with handles [32,
39]. In addition to this, a separate investigation found
that the use of cut-out handles actually decreased the

suggested that this increase in spinal compression is the maximum amount of the load that could be lifted by

result of an increase in the length of the moment arm
acting at the lumbosacral joint [83] and for this reason,
it has been advised to lift the load from a comfortable
horizontal location and keep it as close to the body as
possible for the entire duration of the lift [108]. How-
ever, the ability to keep the centre of the load close to the
body during a dynamic lifting task is directly affected
by its physical characteristics and its dimensions [17,
83]. Inan assessment of manual material handlingin an
industrial setting, it was found that the median box size
was28.0 x 20.5 x 21.5cm for length, width and height

subjects during a series of carrying tasks [90]. In the
study conducted by Freivalds and colleagues [39], their
conclusions were based on the observed loading pat-
terns that resulted from erector spinae activity. How-
ever, Davis et al. [17] and Marras et al. [83], indicate
that there was no consideration made for antagonistic
musculature, such as the external oblique and the rectus
abdominis and consequently did not sufficiently emu-
late the conditions observed in an industrial setting. In
their respective studies, Davis et al. [17] and Marras et
al. [83] found that the inclusion of handles on the load

respectively [33]. Previous research observed that as significantly reduced compressive and antero-posterior
the size of the load was increased, the bending torque shearing forces at the lumbosacral joint when compared
and extensor moment arm were also increased, conse-with no-handle lifting. The decreased stresses acting

quently intensifying lumbosacral compression [29,39,
83].
In an occupational setting, the expected mass of the

onthe lumbar spine were said to be due to the improved
ability to bring the load closer to the body [83] and the
lower muscular activity in the rectus abdominis during

load is often based on its visual appearance, but it has lifting with handles [17]. The lower compressive loads
been shown through research that to estimate the massexperienced during lifting with handles, are supported

of a load on the basis of its size is not always ac-
curate and can potentially result in injury [13]. It is
well established that as the magnitude of the load in-

by previous research that suggests that high levels of
rectus abdominis activity during lifting, increases flex-
ion torque and consequently spinal compression [95].

creases, the resulting moments acting at L5/S1 are also Additionally, it is also possible that the inclusion of

increased [39,64,83]. However, previous investigations

handles increases the height of the initial lift, which re-

have suggested that the lumbar spine is subject to larger search has suggested, significantly decreases compres-

forces when the true mass of the load is unknown prior
to lifting, especially when the effort exerted is greater
than the effort required [13,19]. During lifting tasks,

where the actual mass of the load is under-estimated,

an increased level of muscle co-activity was observed
and tended to be twice as high as the activity recorded

under expected loading [52,66]. Research has also in-

sion at the lumbosacral joint [64,83,92].

5. Summary

Despite the number of relatively recent and some-
times comprehensive reviews [25,38,116,119,122] on

dicated that the loading pattern observed under these manual material handling and the aetiology of low back
conditions tends to resemble the pattern recorded whilst pain, none have specifically concentrated in detail upon

lifting the actual load, despite the noticeable difference
in the mass of the loads [13]. In similar situations,

the issues associated with a lifting and lowering task.
In more recent years, it has become evident that many

where the mass of the load was under-estimated, it was countries are now utilising complex work capacity as-

found that lifting unexpectedly heavy loads had little
to no effect on the technique used or the loading of
the lumbar spine when compared with the equivalent
expected lifts [114,115].

Another load characteristic that has received a great
deal of interest in the previous [32,39] and current lit-
erature [17,83] is the presence of handles on the load.
The earlier research in this area indicated that both
vertical ground reaction forces and lumbosacral com-

sessment tests in order to ascertain whether or not a
worker should return to work after low back pain prob-
lems [61]. Many of these tests are not standardised and
require subjects to lift various loads in various combi-
nations of tasks [61]. For example, a current compo-
nent of a work capacity assessment task within Aus-
tralia, which is used by employers for return to work
assessment, is to lift a box containing up to 25 kg onto
a bench and then lower it again. During the task no in-
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struction on correct lifting technique is given and there

is no accommodation for subject anthropometry, age
or gender. Consequently, further research on the func-
tionality of these tests is urgently needed and a review

of literature pertaining to low back pain and lifting is

a useful prerequisite for any researcher who wishes to

examine and make recommendations in this area.
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