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ERGONOMICS IN MANUAL MATERIALS HANDLING TASKS

The emphasis on ergonomics in manual materials
handling (MMH) tasks arises from the potential risks of
workplace accidentsandinjuries. Thetasksincludediverse
activitiessuch aslifting, lowering, holding, pushing, pulling,
carrying and turning of weights. The primary focus has
been placed on low back injuriest. Thetypesof back injuries
most frequently reported are strainsand sprains, dislocation
(herniation) of thelumbar disc, fracture, joint inflammation
(mostly L4/L5 and L5/S1; occasionally other joints such
as the shoulder and hip), laceration of muscle tissue,
contusion, and nerve (sciatic) involvement?3, often leading
to activity limitation and workpl ace accidents. In the United
States, nearly 7 million people are added each year to the
total number of Americanswho have suffered back injuriest,
representing 19 to 25% of all workers' compensation
claims®® and loss of approximately 170 million working
daysannually. Troup and Edwards’ report that handlingis
the single highest cause of accidents in British factories.
Whilethereisalimitation in the classification of causes of
accidentsin Indian industries, samplerecordsof industries
suggest that nearly 63% of the total non-fatal industrial
injuries with average 9 man-days loss per accident and
about 35% of the fatal injuries [National Institute of

Occupational Health (NIOH), Ahmedabad; unpublished
observations] are attributed to handling related accidents.
The magnitude of the MMH problems in the larger
unorganized sectors, tradeand commercein rural areasgoes
unnoticed.

MMH is an expensive public health problem. The
governmentsand industries of many industrialized nations,
including USA, UK, Germany, Japan pay not only for
workman’'s compensation, but also spend billions on their
treatment, employee insurance claims, etc. for back and
other muscul o-skel etal injuries. Recognizing the menace of
MMH tasks, 62 countries have placed some limitation on
the weight for manual lifting and/or carrying®. Also,
emphasis hasbeen given to the administrative and personal
interventionsfor better modesof handling loads, to minimize
injury risk potentials. Thisreview givesan overview of the
current research in ergonomics and examines how to curb
the workplace hazards as also the common control
paradigms related to manual materials handling tasks.

WEIGHT LIMIT RECOMMENDATIONS

For decades, researchers have been proposing ceilings
on weights/forces for MMH tasks. The majority of these



efforts, however, have been limited to manua weight lifting
asit isthe most demanding of all MMH activities, and is
invariably the primary cause of back injuries. The manual
lifting design database devel oped at the US Liberty Mutual
Research Centre® ismost comprehensive and widely used.
Among the recommendations proposed by various agencies,
the National Institute of Occupational Safety and Health
(NIOSH) Work Practices Guide'®* has been more widely
distributed and/or adopted. Many countries either do not
havealimit onweightsfor safelifting/carrying and/or limits
set on weight have no scientific basis®. Therevised NIOSH
guideline® considers the location of the load, vertical
distancetraveled, and average and maximum frequency of
lift. Based on the various design criteria, two limits are
proposed. Action limit (AL) — loads under this limit can
belifted by 99% of men and 75% of women, and maximum
permissible limit (MPL = 3AL) — loads that can be
sustained by only 25% of men and 1% of women. At the
workplace, administrative controls (eg.,selection) and
engineering controls (eg., mechanization) are required
for weights between the action limit and maximum
permissiblelimit.

Considering the range of weight limits proposed inthe
revised NIOSH guideline®, its applicability in the Indian
context is yet to be examined. Also, the principal socia
instrument, the Indian Factory’sAct haslimited jurisdiction
onthelegal provision for optimization of MMH tasks, and
there is a complete disregard of the unorganized sectors
where the workers are self-employed or casual |abourers.
For instance, at the docks, food grain storage depots and
many other places of trade and commerce, the maximum
weight that is handled may be as high as 100 kg*. In the
unorganized sectors, the weight handled by an individual
worker may be as high as 135 kg and the loads are carried
for along distance'®. Manual load transportation using the
transverseyoke and head | oad are preferred than the frontal
yoke. Women and children have to fetch water in large
quantities from a distance. Different methods of water
carriage involve carrying on the head, on the hip, on the
back and on the shoulder. The NIOH study** suggests that
the load optimization that can be carried by men may be
obtai ned from the nomogram shownin Fig 1. For example,
with an oxygen demand of 1.4 |/min (approximate
equivalent of 50% of one's maximum working capacity)
and walking speed of 30 m/min, the optimum load would
be about 65 kg.
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MMH Task DEsIGN APPROACHES

Severa attempts have been made to rationalize the
MMH tasksin industry, using specific design approaches,
eg., physiological, psychophysical and biomechanical. The
fundamental assumptions underlying these control
approaches includethat (i) theincorrect method of handling
the load is a risk factor for low back pain, and (ii) a
protective, correct technique can be identified for most of
the population. These approaches have been differently
examined with referenceto human characteristics (age, sex,
isometric strength and endurance capacity), material
characteristics (size and shape of the object handled), task
component (movement distance, duration, frequency, etc.)
and thework practicesincluding posture, techniques of load
handling and safety functions.

Physiological Approach

The physiological approach assessesthe stressimposed
upon the cardio-respiratory system. Mostly, the oxygen
demand of work is determined and generaly if it is less
than athird of theindividua’s aerobic capacity, thetask is
considered acceptable for an 8 h work day. While this
approach works reasonably well for frequently performed
tasks, it is not sensitive to tasks that are performed
occasionally or in tasks like holding loads, etc. There are



also concerns about what percentage of the agrobic capacity
should be considered safe® and how should it be determined,
€g., bicycleergometry, treadmill, lifting. Often thetechnique
requires trained personnel to carry out the testing under
standard laboratory conditions.

Psychophysical Approach

The psychophysical design approach establisheslifting
weightsthat are acceptableto theindividual. Thisapproach
assumesthat both physiological and biomechanical stresses
are present in any MMH task. While the contribution of
each may vary as the task changes from frequent to
occasional, both these stresses can be integrated under the
measure of perceived stress. Using perceived stressthat can
be sustained without overexertion, individualsdeterminethe
maximum weight they are willing to lift occasionally or
frequently for different durations'®. Someresearchers have
expressed concern about the psychophysical approach due
to its subjective nature, however, there is a reasonable
agreement that the subject’s perceived workloads are also
compatiblewith the physiological approach.

Biomechanical Approach

The biomechanical approach refers to kinetic or
kinematic analysisof the body segmentsinaMMH activity.
The mechanical stressesimposed on the spinal column, for
agiventask condition (weight, load size, etc.) are compared
with the stress tolerance limit of the spine in order to
determine if the task under consideration is within the
acceptable range. However, limitations exist with the
biomechanical approach, primarily on the efficacy of the
biomechanical models. Even the best of the currently
available models leaves most of the variance in the
experimental data unexplained. There are concerns about
the role of various factors on spinal loading, eg., the
mechanical characteristics of the spine, the type of spinal
loading in real life MMH tasks, the role of the intra-
abdominal pressure (IAP), the interplay of the trunk and
hip musclesand the rel ativel oad sharing between the active
and passive tissues in stabilization and protection of the
[lumbar spine.

Combined spinal loading

The spinal loading primarily refers to external and
internal reaction forces to the intervertebral discs, the

apophyseal jointsand the supporting structures. Theloading
components (eg., stress, strain, shear, torsion and bending
moment) are not usually independent but coupled and
concordant®’. Based on cadaver studies, the mechanical
characteristicsof spinal loading, especially to lumbar spine
have been examined. Brinckmann et al .2 investigated fatigue
fracture probability of 35 fresh lumbar motion segments.
When the lumbar specimenswereloaded at 50-60% of the
ultimate compressive strength, about 90% of the specimens
suffered fractures after 5000 cycles, and when theload was
increased to 75% of the compressive strength, the fatigue
factors were precipitated in 10 cyclesonly. It is suggested
that the first component of the functional spinal unit tofail
is the vertebral bodies. Failure occurs in the crania end
plate of the caudal vertebral body of the segment?®*°, and
damage to the cortical shell of the vertebral body and the
annulus of thediscisrare. Thetissue changes of the central
part of the disc are common. Torsional load has been
considered more recurrent and detrimental than compressive
loading. The shear stressesduring torsional loading are not
uniform (ie., high along the periphery and low in the center
of thedisc). Thefacetsand neural arch appear to withstand
about 2000 N of shear stress, and may fail only under
combined shear, torsional load in hyperextension.

Association of in vitro findings to epidemiological
evidence

Subject to validation from epidemiological
investigations, in vitro studiesindicate that there are causal
evidences of mechanical property changesin the spine, not
only associated with high loads, but a so with the low loads
that are combined, repeated or sustained"’. Even given that
the structural failure of spinal unitscan precipitatein either
acute or chronic loading situations, the etiologic
uncertainty? of in vivo tissue changes makesit difficult to
ascertain the magnitude of exposure and its tangible
outcome. Kelsey et al.! in acase control study (N=232) of
prolapsed lumbar disc showed an association between
frequent lifting and low back pain; also that twisting,
especially without bending the knees, increasesthe risk of
disc prolapseinlifting tasks. Liles et al?, in a prospective
study of 453 MMH workers, found that the incidence of
back injuriesroserapidly at ajob severity index (JSI) value
of 1.5; thisindex isafunction of thejob requirement to that
of thelifting capacity of an individual. Kumar? reported a
strong associ ation between cumul ative load (biomechanical



load and exposuretimeintegral over entirework experience)
and low back painin agroup of age, gender, body weight,
height and occupation matched subjects. Using a cross-
sectional study of 403 jobs from 48 manufacturing firms,
Marras et al.?* emphasized the multi-factorial etiology of
back disorders, including lifting frequency, loads, trunk
motions and postures. Increased trunk motion has been
associated with increased trunk muscle activity and intra-
abdominal pressure.

Limits of spinal compression

The compressive strength of the lumbar spine appears
to be the only strength that has been widely used in
biomechanical analysisand prediction. In order to determine
the task severity, either static or dynamic biomechanical
models have been used to predict compressive forces in
simulated modes. Given that the ultimate compression of
thelumbar spineisaffected by personal and physical factors,
including spinal level and type of specimen®1®% thereisa
great deal of variability in compressive strength values.
Jager and Luttmann® and Genaidy et al.? integrated the
resultsof several studiesto predict the compressive strength
of the lumbar spine. According to Jager and Luttmann?,
the male lumbar spine fails at a compression of 5700 +
2600 N and for females, thefailure occursat acompression
of 3900 + 1500 N. Genaidy et al.?” found that the
compressive strength of lumbar motion segmentsaveraged
7915+ 2545 N (for males) and 6638 + 1213 N (for females)
inthe 20-29 years age group; for people over 60 years, the
compressivevaueswere4392+ 1169 N and 3336 + 897 N
for malesand femal esrespectively. Asgeneric normsthese
valuesmay serveauseful function, with suitableamendment
inthe NIOSH MMH guidelinet.

I ntra-abdominal pressure development

Studies emphasize on the role of the intra-abdominal
pressure (IAP) inlifting tasks as either adirectly generated
extension force that pushes the diaphragm upward or an
indirectly generated secondary extension force produced by
lateral tension in thelumbo-dorsal fascia®. Using 90 to 100
mm of Hg asthe upper limit of acceptable | AP, Davis and
Stubbs® have developed recommendations for maximum
force for frequent and infrequent MMH activities. This
criterion has been used in biomechanical predictions, since
| AP development during trunk extension isalso concomitant

with the activity of the abdominal muscles and erector
spinae®. Theanatomic orientation of the obliquous externus
and internus, and the transversus abdominis give them a
functional advantagefor |AP development. Cresswell et al .t
placed acritical importance on the transversus abdominis,
which run horizontally around the abdomen, attaching
through thethoraco-dorsal fasciato thetransverse processes
of the lumbar vertebra. The activity of the transversus
abdominis precedes not only the acceptance of theload but
also the onset of activity of other trunk muscles. McGill
and Norman® suggested that the contraction of the hoop-
liketransversusabdominiscreatesarigid cylinder, resulting
in enhanced spinal stiffness. Similarly, any lateral tension
through the transverse processes of thelumbar spinewould
limit its translational and rotational motion. Also, the
creation of apressurized visceral cavity against the apex of
the lumbar lordosis, increases spinal stability for avariety
of postures and movements, as in increasing lifting
velocity®. Obviously, any delayed onset of contraction of
transversus abdominis may indicate a deficit of motor
control in stabilization of the spine*. Studies have also
identified rectusabdominisand erector spinaeactivity before
the initiation of upper limb movement®, suggesting the
anticipatory role of the musclesin spinal control.

Morriset al.* were of the view that the | AP generated
during MMH taskshelpsto relievetheforce exerted onthe
spine. The compressive force of about 30% on the lumbo-
sacral level and 50% on the lower thoracic portion may be
sustained by | AP devel opment during the lifting of aload.
Theroleof IAPinreducing compressive load on the spine,
however, isinconclusive®. Leskinen et al . were of theview
that the abdominal cavity diaphragm areaisinadequate to
generate sufficient |APto alleviate spinal compression.

Origin of extensor moment

Besides the characteristics of the weight handled (eg.,
size, shape, weight), several factors influence the force
exerted on the spine (eg., position of the load, flexion and
rotation of the trunk, bent, stoop or squat posture, position
of thefeet). A basic premiseisthat under combined loading,
as in the case of MMH tasks, any inefficient muscular
mobilization and stabilization of the lumbar spineleadsto
undue stress on the spinal joints and ligaments. However,
theload sharing responsibilities between active musclesthat
exert force and other tissuesthat provide passiveresistance



at thejoints (eg., lumbar spine) have been debated. Adams
and Hutton® compared themaximal in vivo range of flexion
of thelumbar and lumbo-sacral vertebral jointswith that of
an osteoligamentous preparation. Theactiverange of flexion
of the lumbar and lumbo-sacral vertebral joints has been
reported to be 10% short of the osteoligamentous
preparation, indicating that the difference of the extent of
forward flexion and elastic limit of the osteoligamentous
preparation ensures the margin of safety.

Gracovetsky et al .28 using abiomechanical model, with
the method of optimization of disc compression and shear
forces emphasized the role of ligaments rather than the
extensor musclesin providing greater mechanical advantage
to resist the flexion moment. In contrast, McGill and
Norman®, using an EM G driven model, suggested that the
back extensor moment generated in the sagittal plane comes
largely from tensionin the erector spinae muscles, with some
contribution of other trunk muscles, and the ligamentsplay
only aminor roleinlifting. Thishasfurther been supported™
using CT scan radiography, to show that the cross-sectional
area of the erector spinae musclesis sufficient to produce
the required extensor moment. The erector spinae muscles
generate a posterior shear force to support the effects of
gravity acting on the upper body and any additional load
lifted. Dolan and Adams* discussed that under isometric
contraction, the extensor moment islinearly related to the
EMG activity of the back muscles. During the static lifts,
peak extensor moment was generated with thelumbar spine
flexed by 78 to 97% between erect standing and full flexion.
Only 16 to 31% of the peak extensor moment generated
during lifting were unrelated to EM G activity of the erector
spinae, indicating the greater role of the musclesin extensor
moment generation. With full lumbar flexion (stooped
posture), however, the erector spinae apparently become
electrically silent®. In atrue sense, the electrical silence of
the muscle may not be referred to asrelaxation™, sincethe
lumbar extensors generate substantial force elastically
through stretching. The loading of the interspinous and
supraspinousligaments, in particular, was also found to be
highrelativetotheir failuretolerance. Hindle et al.* showed
that the loading rates change ligament sharing proportions
and the discs might become axially stiffer with increasing
compressiveload, thus affecting the ligament rest length.

Dolan et al.* suggested that sincein thelordotic posture
the passive extensor moment does not fall much below 25
Nm (Newton-meter) even with a small tension in the

posterior ligaments and fascia, this fraction may be
attributed to the raised IAP. McGill*" noted that human
lumbar motion segments loaded at slow rates in bending
and shear, result in excessive tension in the longitudinal
ligaments. However, theligamentoustearsin lifting or other
occupational activities, particularly to the interspinous
complex are uncommon. |n occupational activities, only the
modest ranges of spinal motion areinvoked, when agiven
degree of muscle contraction is evoked for spinal stability
and readiness for the next phase of activity. Any sudden
force may tend to overcome the viscoelastic resistance of
the supporting muscle and ligaments due to high strain
deformation, resulting in possible straininjuries. Crisco and
Panjabi“® noted that the muscular coactivation is largely
responsible for stabilizing the spinal column to prevent
buckling. A lumbar spine stripped of muscles may buckle
under compression in lessthan 100 N, suggesting that the
muscles may be subjected to agreater risk of injury during

heavy lifts.

In summary, it appears that the muscles play agreater
role in extensor moment generation in lifting and they do
receive assistance from passivetissues. Therelative share
of active and passive tissues depends on the degree of trunk
flexion and type of posture adopted. The injury potential
increases with the excessive repetitive or chronic spinal
loads, with the possibility of muscle fatigue and creeping
of passive tissues. Therefore, the crucial aspect of MMH
task design is to evolve optimization strategies, based on
the spinal load bearing mechanism and plausible control
paradigms as primary prevention for risk elimination at
workplaces.

OpPTIMIZATION STRATEGIESIN MMH Task DEsiGN

A variety of biomechanical modelshave been devel oped
for predicting and optimizing multiple components of spinal
stresses™®2, Apart from the wide variability in model
prediction®, the primary intent of the ergonomics
interventionisto arrive at acceptabletask design strategies,
so that the muscles do not exert too laboriously while the
equilibrium of the joint is maintained, and that the forces
transmitted by the joints are optimal. For the benefit of
industrial practitioners, the common task design paradigms
which have been applied in optimization of the kinematic
and kinetic factors contributing to spinal loading have been
examined (Table).



Table. Analysis of MMH task design paradigms

Control paradigms

Remarks

Control paradigms

Remarks

Minimize external and
internal reaction forces
(ie., to reduce load weight
and speed of work).

Optimize repetitive
loading. (eg., speed
of work)

Minimize jerky movements
by smoothening motion
trajectory.

Maximize the force
mechanical advantage by
using the lar ge muscle
groups or keeping the
load close to the body
(lifting technique)

MMH task design refers to joint
optimization of load magnitude,
handling frequency and exposure
duration®.

MMH jobs yielding a JSI in excess
of 1.5 may cause substantial increase
in back injuries®.

Lifting in excess of 20 kg
repetitively is a prognosis variable
for low back pain®.

High risk of prolapsed lumbar disc
in lifting more than 11 kg in excess
of 25 times per day?.

Spinal compression at L5/S1 greater
than 3900 N (men) and 2700 N
(women) is likely to trigger back
problems®’.

Increased speed of work causes less
power output per unit contraction of
the muscle®.

Torque-producing capabilities of the
upper and lower back muscles
decrease with increased velocity of
exertion®

Faster lifting speed results in
increased compression and shears at
the intervertebral discs®.

Peak extensor moment increases by
over 60% in the fastest lift (about
1 sec duration)st.

A heavy load can be lifted by
ballistic or jerking up technique.

Excessive jerky movements should
be avoided to minimize injuries®.

Leg (squat) and back (stooped)
lifting are the frequently used lifting
techniques® €,

Load holding and lifting is better
performed in stooped (trunk-bent/
knee straight) posture, and when the
loads are placed closer to the body
at the height of 32 to 44 cm®.

However, stooped lifting increases
bending torque on the spine, with a
consistent reduction in the extensor
moment generated by the muscles
and fascia®™.

Long femoral neck of the hip
extensors and its insertion on the
tibia provide along moment arm in
lifting. In squat lifting, this
mechanical advantageisdiminished
when the hip position fallsbelow the
knees®.

Adopt a spinal curvature
specific to the type of job
performed.

Minimize torsion dueto
twisting.

Use handles and couplings

for stability in MMH tasks.

Avoid heavy MMH tasks
at early hours of the day
and minimize the
structural creep of the
disc.

« Load handlers may be trained to
maintain body position about the
horizontal and vertical load position
and maximize body stability by
increasing the base support.

» Exaggerated lumbar lordosis,
holding the trunk rigid and forcing
torso flexion to be accomplished at
the hip joints, has been advocated
when lifting weights with the knees
flexedss. €,

« However, keeping of lumbar lordosis
during lifting appears to be based
upon unreliable visual estimates of
spinal posture.

» During lifting, knee and hip flexion
links with the backward pelvic tilt
and amarginal concavity at T9-L1
region. Limited flexion of the spine
allows partia transfer of forces to
the posterior ligaments, and adjusts
spinal flexion and bending of the
knees. This advocates free style
posture (combination of squat and
stoop).

» Twisted posture, including the
repeated cyclesof torsionisaninjury
risk®.

e Asymmetrical MMH resultsin
increased | AP development and
intra-discal shear stresses, and
activity of erector spinae, external
oblique and other torso
muscul ature®°,

« Declineinlifting capabilitiesranges
from 8.5 to 22%, depending on the
feet position’™™,

« Good handles and couplings are
essential to provide load and
postura stability in MMH activity.

» Provision of handles can increase
lifting capacity by about 10 to
15% ™27,

* Intervertebral discs are hydrated
fully after night’'s recumbence™.

» Bending resistance increases by
about 300%, when a high
compressive load is applied on a
fully hydrated disc ™.

» Repeated loading of the disc with a
high bending torque may result in
rupture of the posterior annular
fibers™.

* Fluid creep can cause inflammatory
reaction in the innervated tissues
resulting in pain sensation .




CriTicAL VIEWSON THE CONTROL PARADIGMS

In the vast majority of instances, studies connecting
MMH tasks and low back pain disability, or workers
compensation claimshave not directly assessed the disability
inrelation to thelifting techniques or other modes of handling
loads™®™. In perhaps the sole exception, Kelsey et al.%
reported that twisting and specifically twisting without
bending the knees, increased therisk of aprolapsed disc for
certain lifting tasks. In awell designed prospective study,
Daltroy et al.® found no statistical differencesinlow back
injury rates between trained and untrained groups of postal
workers, though knowledge and skillswereimproved among
trained workers.

Thecontrol paradigmsreflect amulti-factorial influence
of the MMH tasksin spinal injury risks, and suggest that
caution be exercised in forming MMH guiddine™. Some of
the findings summarized in the Table are surprising. For
example, itiscommon sense that one should lift gradually,
but research indicates that the disc can handle extremely
high forcesfor very brief periods of timefairly well, but if
these forces are sustained for longer periods, the disc will
suffer damage. Rapid lifting may minimize the time of
exposure of the disc to the forces, but at the same time it
can maximizetheforceitself dueto the increased forcein
high acceleration. The effect of acceleration during lifting
has been explained that, initiation of alift resultsin aforce
on the load handle that actually exceeds the weight of the
load by about 20%. Therefore, the load, which is heavy to
hold at shoulder height can often belifted from thefloor to
ashoulder level. Thisis possible by ballistic or jerking up
technique when alarge force is generated early in the lift
that accelerates the load and effectively reduces the force
required for the shoulder muscles to complete the lift at
shoulder height®!. Essentially, an obvious complex trade-
off isvisible here, asfar asall the major lifting techniques
and the speed of work are concerned.

The assumptions regarding the influence of lifting
postures and techniques on the occurrence of low back pain
have been theimpetus of past research attemptsto examine
differences in lifting technigue using multiple criteria.
Though only afew studies have directly linked any aspect
of thelifting techniqueto occurrence of low back pain, there
are certain workplace realities, which cannot be ignored:

Industrial workers will continue to lift objects as part
of their jobs, and the occupational health and safety
practitioners will continue to preach on the pros and cons
of different modes of lifting and other modes of MMH tasks.
For some workers, the way in which they accomplish the

MMH task will berelated to the techniquesthey have been
taught.

With the research results nearly devoid of definitive
evidence of a causal link between low back pain and the
lifting technique a one, the saf ety practitionersareleft with
uncertainties about the impact of MMH techniques. Many
of the lifting methods proposed are unique, some even
bizarre, but one dictum seems to continue to reverberate
wherever lifting technique is taught — Keep your back
straight ... Lift with your legs, not your back (squat lift). It
is this “rule,” above all others that has been taught and
publicized in much of the popular safety literature.

Theforce mechanical advantage should be maximized
by using the large muscle groups or keeping theload close
to the body (lifting technique). A simulated sequence of
lifting in the squat and stoop posturesisshownin Fig 2 and
the | AP devel opment are shownin Fig 3. On the one hand,

M=t
|EraE hl[ |

M-
l

Squat

£ F L

|lhﬁnﬂ_E

I|:|-r:|l|!|.|
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for compact loads, and if theliftisoccasional and not highly
repetitive, andif thelifter is comfortable doing so, the squat
lift can minimize the stress on the spine by alowing the
object to comeclosetothebody. Inan occupationa setting,
the squat lift does not lwaysresult in theload being closer
tothe body, when the size of theloadislarge, and invariably
the forces go up dramatically and additional shortcomings
become dominant; for example, (i) higher compressiveforce
ontheL5/S1disc; (i) higher energy expenditure compared
to stoop due to lifting one’s own body weight through
a greater vertical distance; (iii) greater stress on the
knees, hips, and ankles, and fatigue of the knee muscles
which are less suited to prolonged lifting than the hip and
trunk muscles (many people do not have strong knees or
strong leg musclesto lift heavy objectsin a squat stance);
and (iv) more pressure on the balls of the feet (asthelifter
rocks forward to sguat), etc.

Of course the stoop lift is not without its own
shortcomings. For example, lifting in the stooped posture
increasesthe bending torque on the spine, with aconsistent
reduction in the extensor moment generated by the muscles
and other supporting tissues. Traffimow et al.# noted that
in prolonged lifting, aperson changes posture from asquat
to a stoop with fatiguing of the quadriceps. Also, aperson
may tend to use a combination of stooping and squatting
with varying degrees of leg and torso bending, often referred
toasfreestylelifting. Thisisimportant concerning placing
of theload closeto the body to reduce the reaction moment
andtoavoidfull flexion of the spinewith minimal posterior
ligamental involvement®,

CONCLUSIONS

To conclude, it can be stated that there are two
fundamental rulesto be observed whilelifting (i) keep the
load ascloseto the body as possible; and (i) avoid twisting.
These rules most convincingly embrace the research-
substantiated lifting principles. Theserules presuppose that
everything practica hasbeen doneto (i) eiminatethelifting
task atogether; (ii) useamechanical aid instead of manual
lifting; (iii) minimizetheforcesrequired; and (iv) alow the
lift to be donewithout twisting. In other words, if liftingis
to be done, these rules should be followed.
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