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INTRODUCTION

Man is limited in manual material handling by both his skeleto-
muscular system and his cardiorespiratory system. The skelto—-muscular
system limits the amount of weight that he can handle at infrgquent in-
tervals. The cardio-respiratory system, on the other hand, limits the
amount of weight if the task is frequent. An important aspect of all
weight lifting operations is the risk of structural injuries -- in
particular to the skeleto-muscular structure of the back. Much at-
tention has been given to the problem of back-injuries and there are
numerous publications available on the subject. However, most of them
deal with repetitive lifting. In the United States, the problem today
is injuries due to occasional peak loads. The percentage of industrial
injuries due to lifting has remained constant for the last two or three
decades. In order to analyze the effects of forces and torques on the
spine when a lift is made and thereby to establish séfety standards for
different percentiles of the population, it is essential to know how
different variables in lifting are related to the variocus forces, torques

and accelerations involved.



LITERATURE REVIEW

Industrial Accidents

According to a study made by Brown (1958), approximately 25 percent
of handling accidents are due to lifting. Peres (1964) stated "in most
comtries, agbout one third of ali compenéible industrial injuries arise
from incorrect handling of materials”. Troup (1965) stated '"manual
handling accounts for 25 percent of all reported industrial accidents in
the United Kingdom and 34 percent in France". Bond (1970) commented
that every year about 2 percent of all employees will have a compensible
injury. Snook, Irvine and Bass (1970) reported that 24 percent of all
"high cost workman's compensation accidents" compiled by Liberty Mutual
Insurance Company were associated with manual material handling. Brown
(1971) reported, from the records of Workmen's Compensation Board, Ontario,
that back injuries were 24.87 of all reportabie injuries for the period

1964-19638.

Back Injuries

Wayne (1954) and Ruseck (1955) made statistical inquiries and
established that there was a high number of back injuries in tasks in-
volving weight lifting. According to Morris, Lucas and Breasler (1961),
Nachemon (1962) and Armstrong (1965), injuries to the spine in lifting
seem to be concentrated on the vertebral bodies, intervertebral discs
and soft tissues (muscles and ligaments). Similarly, Thieme (1950),
Perey (1957) and Sonoda (1962) investigated the effect of injuries on

the general anatomy of the body. Fine (1966), Chaffin (1967), and



Chaffin and Baker (1970) developed mathematical models to study the different

parts of the spine affected by different forces involved in lifting.

Varying Recommendations

The laws and recommendations for weight 1lifting vary in different
countries and states both for adult males and females. The International
Labour Office (Muchinger, 1962) gave the maximum permissible weight for
"occasional lifting with straight back'" as a surprising "880 1bs for 0
degrees of trunk inclinmation and 110 1lbs for 90 degrees of trumnk inclin-
ation" for males and "528 1bs for 0 degrees of trumk inclination and
66 1lbs for 90 degrees of trunk inclination" for females. Peres (1964)

recommended maximum load for male adults in the U.K. as 130 pounds.

Bending Vs Squatting

Two types'of lifting are generally used -- a "bend" and a "squat".
"Bend" is defined as bending over from the waist, with the legs kept
straight at all times, lifting the weight, and placing it on a shelf.
"Squat" is defined as liftigg by bending the knees and keeping the back
relati;ely straight (See Fig. 1).

A "squat" is the lifting method recémmended by most authors and
researchers. Anderson (1951) has suggested "when the trunk is erect
and straight, the spinal joints are stabilized and the resistance or
weight to be lifted by the spinal lever is more directly over the fulcrum.
The spine should be straight when it takes the load to avoid back strain".

Munchinger (1960) stated that to prevent back injuries, loads should be
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Effact on the lurbar intervertebral discs when

Fig. 1. e 5es
1iftine in {(a) 'bending® position and (b} "souatting!

position.



raised smoothly from a squatting position with the upper part of the
body erect and the back filat. He found that in bending a pressure of
300 kg on the 5th lumber intervertebral disc is induced by an average
upper body weight of 45 kg. and lever arm of the bent trunk amounting to
about 35 cm. Thus, high pressure develops on the periphery of the disc
and increases the risk of rupture (see Fig la). When the same operator
lifts a load of 50 kg, the disc pressure reaches 700 kg. On the other-
hand, in squatting the pressure is equally distributed and the danger
of accident is reduced (see Fig 1b). Similarly, McFarland (1969) has
concluded "Leg 1lift, ﬁith back vertical and knees bent, affords a stronger
vertical pull than back 1lift, and entails much less risk of injury".
Stueve (1968) studied the physiological cost of lifting and lowering
a 25 pound tote-box. -Three orthogonal forces were measured by a force
platform for bending versus squatting. For the lifting procedures
studied, Stueve found that the physiological cost is less for a bending
manner than a squatting manner., He also concluded that the physiological
cost for lowering an object was greater than for lifting it. lWhile most
researchers advocate the squatting manner for lifting, a few doubt
its supremacy over the bending manner. According to Brown (1972), "workers
prefer to use some method which is more suitable to their own physical
strength and physical anthropology. ... for small weights up to 20-30
pounds the manner of lifting would not appear to be dictated by the
weight 1lifted"., Jomnes (1971) also questions the sole use of the straight

back lifting method for it causes unnecessary fatigue. "However'", Brown



concludes, "for objects weighing more than 50 pounds, it would appear that
the only way possible from a physical mechanical point of view, is with bent
legs and a straight back, for this task only but not necessarily for a

static lift from the ground".

Repetitive vs Occasional Lifting

Most of the work done in the field of lifting concerns repetitive
lifting. However the problem today in the U.S.A. is not injuries due to
repetitive loads but occasional peak loads.

Whitney (1958) conducted a study on the maximum isometric lifting
force by varying the distance between feet and frontal plane through the
grasp axis. He concluded that maximum lifting force decreased with the
increase of this distance. Switzer (1962) studied the capabilities of
human males for lifting weights to three different heights using three
different positions. The weight limit decreased significantly with in-
creased height but no significant lifting differences were found for the
three lifting positions. Snook and Irvine (1965) investigated méximum
weight and workloads for performing different tasks such as lifting,
lowering, pulling and pushing without strain or discomfort. Damon,
Stoudt and McFarland (1966) concluded that less powerfully built persons
can be more efficient in performing repetitive lifting tasks. Kamon
and Belding (1971) reported 33 lbs to be about the limit for repetitive
handling of bulky loads. Snook, Irvine and Bass (1970) used heart
rate and subject determined loads as criteria for lifting.

Larau (1957) studied lifting in France with a three.axis force plat-
form. Peak force was 45 kg for a 5 kg load, 70 kg for a 15 kg load and 85 kg

for a 25 kg load. Morris, Lucas and Bresler (1961) showed the importance of



the intra-abdominal and intra-thoracid pressures —-—- especially for dynamic
loading of the spine such as occurs at the beginning of the 1lift when ac-
celeration takes place. Zajaczkowska (1962) used photography_to study ve-
locity and acceleration as a function of skill. He concluded, "skill in
lifting consists of a progressive shift in the éirection from constant ac-
celerations to constant velocities. ... In terms of force, the contention
that skill in lifting consists of reducing acceleration to zero can be re-
stated in the propoéition that the skill consists of in using force equal
to the force represented by the lifted weight for sometime during movement".
Nachemson-(1965) reported that the load on the lumbar discs, when the effect
of increased intra-abdominal pressure is taken into consideration, is con-
siderably less than was thought. Konz and Day (1966) proved that the force
for a task had two components: (i) force due to the task and (ii) force due
to the body position. Groh, Thos and Baumann (1967) studied the effect of
various angles of lifting on load of the fith lumbar diéc. Chaffin (1969)
reported on a biomechanical model of lifting in the sagittal body plane.
Chaffin and Baker (1970) developed a compuéerized model of lifting with
eight solid links representing the major body segments. Poulsen (1970)
gave a formula to predict lifting ability; she stated the correlation
between maximum load and body weight was low (r less than 0.2) but r

was 0.7 for load versus back muscle strength; she also noted that the re-
gression lines for men and women were different with men being able to

lift heavier loads than women for the same measured muscle strength.
Poulsen and Jorgensen (1971) gave two formulas: for men, maximum load

to be lifted is equal to 1.10 (isometric back muscle strength); fﬁr women

maximum load to be lifted should equal to 0.95 (isometric back strength)



minus 8 kg. Tichauer (1971) used a one-axis force platform in combination
with electromyography and photography and concluded that weight/bulk of
the object lifted is a major determinant of the severity of the lifting
task, Martin and Chaffin (1972) evaluated lifts, pushes and pulls over

a range of body positions with a nine link model.

As can be seen from the above, experiments have been done using two
types of criteria. "Endurance oriented" criteria have been used mostly.
The other type is "biomechanical". Maximum stress is more relevant for
a safety oriented study than is the average stress. Average stress is
more relevant for an endurance or energy oriented study. Thus, maximum
or peak output was used as the criterion in our experiment of lifting

and lowering.



PROBLEM

In order to find the limiting conditions of stress on the spine for
safety in any lifting and lowering task, the major lifting variables must
be explored. A mathematical model employing a set of equations may be de-
veloped to predict stress on any part of the body (say lumbar discs) for
a particular task, after all the major lifting variables have been thorougly
investigated. Lifting variables can be placed into three major categories
— task, individual and technique. Task variables include object weight,
original location of the object to be lifted, load size, load rigidity and
density, handles and symmetry of the 1lift. Individual variables include
body weight, height, sex, age and physical fitness. Technique variables
include back position, hand position, foot position, acceleration of body
(slow, medium and jerky), distance of the body centerline from the load

.and subject training.

Konz, Dey and Bennett {(1971) investigated the effect of the task vari-
able (by changing the weight of load, distance of load from heel and angle
of tarn) on lifting. They found that the average peak vertical force did
not triple when the object weight was tripled; the vertical force was 47
lbs., with a load of 11 1lbs and 54 lbs; with a load of 33 lbs. It was
concluded that the weight of the body must be considered in addition to the
weight of the object. The results also emphasized the importance of ac-
celeration. Perkins and Konz (1973) investigated the individual variable
(by using 10 subjects, each representing one decile of the distribution of
heights of male U.§. adults for the same task) and concluded that welight

squared was the best single predictor of peak lifting force (r=.61 for
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vertical, .36 for frontal and .70 for lateral).

Whitney (1958) emphasized '"that foot placement is the most important
variable affecting the magnitude of the maximum lifting force'.

Tichauer (1971) showed that torque was the true index of task severity.
Brown (1972) commented that "a back injury may result equally well from
lifting a pencil or a hundred pounds, and in this connection it should
be stressed that it is not the weight which is important but the manner
in which this weight is lifted ....". From above, the importance of
technique is pointed up.

To supplement the work done by Konz, Dey and Bennett, this study
déalt with the invéstigation of effect of two aifferent foot positions
— feet parallel and left foot leading (see Fig. 2 and Fig. 3 respectively).
The effect was investigated both when lifting (or lowering) involved a
'45 degree turn of body' and a 'O degree turn of body' (see Fig. ‘4 and
Fig. 5 respectively). As acceleration had been established to be of great
importance, its effect on vertical forces was analyzed. Finélly, another
purpose of the study was to find the moment when the force {(or torque) was
a high peak and hence to locate the "critical" elements of 1lifting in the
force-time history or torque-time history.

The 'distance' between the center of the load and the center of
gravity of the body was kept constant. The center of gravity of the body
while standing erect was assumed to lie in the vertical plane passing
through the center of the two ears of the body (Asmussen, 1960).

The 'weight' of the load lifted by the subject was aiSO kept con-
stant.

The individual variable of 'body weight' was kept constant as far as

possible by choosing subjects whose weight fell between the 40th and 60th
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Fig. 2. Parallel feet (top view),
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Left foot leading (top view),

Fig. 3.
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percentiles of the weight of the U.S. adult male population.

The 'angle' of rotation (amount of turn the spine rotates through
during the task) was 0 degree and 45 degrees to the right.

The forces which were measured were vertical, laterél and frontal.
The torques were twist, somersault and cartwheel. The forces and
terques along and about the three orthogonal axes are shown in Fig. 6,

The vertical force acts along the vertical (Z) axis which is per-
pendicular to the plane containing the feet. The vertical force in the
upward direction is considered as positive.

The lateral force acts along the lateral (X) axis which lies in
the pl#ne paséing through the shoulders. The lateral force in the
direction of the left side of the subject is considered as positive.

The frontal force acts aleng the frontal (Y) axis which is per-
pendicular to the plane passing through the shoulders. The frontal force
in the front direction of the subject is considered as positive.

The twist torque is the torque acting about the vertical (Z) axis.
It is considered as positive when it acts clockwise about that axis.

The somersault torque is the torque acting about the lateral (X)

" axis. A clockwise somersault torﬁue about its axis is coﬁsidered as
positive.

The cartwheel torgque is the torque acting about the frontal (Y)
axis. A clockwise cartwheel torque about its axis is considered as
positive.

The vertical acceleration acts along the vertical (Z) axis. A

vertical acceleration in the upward direction is considered as positive.
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This assumption is made because an acceleration in the upward direction
adds to the gravitational pull and hence tends to increase the total
force on the body. A corollery to this assumption is that deceleration
in the upward direction is negative and likewise deceleration in the
dovnward direction is positive.

All the forces and torques and in particular the accelerations
were investigated in an attempt to define and establish their nature

and their behaviour for a typical lifting and lowering task.
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METHOD

Experimental Arrangement and Task

The apparatus for the experiment consisted of the following:

A. A force platform.

B. A linear accelerometer.

C. Three two-channel oscillograph recorders.

-D. A one-channel dynograph recorder..

E. A platform for the load at the start of lifting.

F. A shelf for the load at the end of the 1lift.

G. Standard weights in pounds.

H. A tote-box.

I. A stop watch.

J: A chatss

K. A video-tape recording set and monitor.

The force platform used was a six axis force platform (Hearn and
Konz, 1968). The platform was calibrated at the beginning of the experi-
ment.

A general purpose linear accelerometer (Entran Devices) was useﬂ to
measure the acceleration of the tote box in the vertical direction. The
range of the accelerometer was + 10g. Fig. 7a shows an output for ac-
celeration while lifting a tote box with "feet parallel and 45° turn of
body". |

The three two-channel recorders were used to record forces on the
three orthogonal axes and their associated torques. The force (or torque)
trace originates from an estaﬁlished "zero" or "datum" line and deviates

up or down. The distance deviated is directly proportional to the force or



