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ABSTRACT

Though worker training is often chosen as a
means to reduce the risk of low back pain if
involved in lifting activities, the effect on a
worker’s lifting posture is rarely reported. This
paper describes a video analysis method of re-
cording lifting postures and the results of one
evaluation of a training program specifically

designed to modify lifting postures. It is con-
cluded that a four-hour training program had
beneficial but minor effects on the lifting tech-
niques used by healthy workers in a warehouse
when handling relatively light to moderate loads
(i.e., 85% of loads lifted were below 30 pounds).

INTRODUCTION

Prevention of low-back pain has become a
major challenge for health and safety officials
in most industries. The annual cost to in-
dustry of low-back pain has been estimated in
a recent study by Arthur D. Little to be $9
billion, and in another study to be as high as
$11 billion (Snook and Jensen, 1984), and
results in over 91 million days lost each year
in the United States. Swedish data indicate
that on any given day between 10% and 20%
of the population will report some degree of
low-back pain, within a one year period 40%
to 50% of the population report they had
low-back pain, and over a lifetime 50% to
70% of the population suffer from low-back
pain (Biering-Sorenson, 1982). In most of
these instances the pain is of relatively short
duration and mild severity. In approximately
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4%, however, the pain continues with other
symptoms and signs until the person is con-
sidered totally and permanently disabled.

Given the magnitude of the problem, many
different prevention strategies are advocated
in the literature. These usually can be classi-
fied into three groups:

(1) Ergonomically oriented redesign of the
workplace and/or object to be handled in
order to reduce low-back stresses.

(2) Improved medically based selection and
placement procedures for workers involved in
manual activities which could stress the low-
back.

(3) Training of workers who perform man-
ual activites in a manner that provides the
knowledge necessary for them to change their
work methods and postures and thus, reduce
low-back stresses.

All three of these prevention strategies have
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their proponents in the literature. The current
consensus appears to be that all three are
necessary (NIOSH, 1981). Depending on the
work requirements. organization structure,
and certain worker population attributes, one
strategy may be more effective than another.

Because low-back pain is often associated
with an individual worker’s activity (i.e., lift-
ing a load, pushing a cart, etc.) the most
popular single prevention strategy has been to
emphasize training of the worker to perform
the act in a safer manner.

Despite the variety of such training pro-
grams very few have been evaluated as to
their effectiveness. Snook and White (1984)
note that in some studies (Glover, 1976;
Miller, 1977) a reduction in disability of up to
70% from the use of training programs is
reported. Other authors (Brown, 1971; Snook
et al., 1978) report no significant reduction,
though the type of training being used was
not specified. Back schools to assist workers
with low-back pain to return to work have
also been evaluated. One controlled study
undertaken (Bergquist-Ullman and Larsson,
1977) reported a significant decrease in the
length of time off the job among those in-
jured workers participating in a back school
versus other study participants. Back schools
that attempt to prevent the first injury have
also reported success (White, 1983) but
without the controlled studies required to
conclusively show training effectiveness
(Troup, 1982).

Most studies have focused on a reduction
in existing injury rates or improvement in
recovery time after injury. Even though these
are the most desirable end points, the studies
do not isolate the effectiveness of the training
per se. In fact, the investigators often have
several strategies being used simultaneously
to prevent low-back pain, and hence, the
training effectiveness cannot be separated
from other possible contributing factors. Fur-
ther, the type of training used is often quite
varied. In this context, the following ques-

tions are often unanswered in the studies: Are
Jjust workers involved in the training, or are
supervisors also involved? Is the training
specific to the jobs, or is it general? Is rein-
forcement used, and if so, what type and how
often? Do the workers have a history of low-
back pain. or are they part of a physically fit,
healthy population? All of these factors are
believed to affect the training outcomes
(Jones, 1985).

OBJECTIVES

This study seeks to evaluate the effective-
ness of a specific worker training program as
Jjudged by resulting modifications in lifting
postures of a select group of healthy ware-
house workers. As such, the study is predi-
cated on the belief that if training programs
are actually to be effective as a means of
preventing the occurrence of low-back pain,
then to do so the training must be able to
modify worker behaviours to a measurable
degree. Therefore, the primary hypothesis to
be tested was that a well-designed training
program would result in significant changes
in workers’ lifting postures. To test this hy-
pothesis it was necessary to develop a means
to measure a large number of lifting postures
used by warehoue workers.

METHODS
Study design

It was decided to conduct the study with a
group of healthy workers. The basis for this is
that if positive changes in the lifting be-
haviours of healthy workers can be demon-
strated after training, then groups of workers
who have a history of low-back pain would
probably benefit even more from such train-
ing because of their increased motivation to
change. Studying the effect of the training on



healthy workers is also in keeping with the
concept that training should be a means of
preventing the first occurrence of low-back
pain.

The site selected for the study was a
warehouse. The workers in the warehouse
manually sort boxes of goods and place them
in trucks to be distributed to other locations.
Thus, they are expected to prepare a pallet of
different items by picking the items from
shelves or pallets and placing them into boxes
or directly on other pallets. Some of the
workers studied handled bulk procedure to be
distributed to various cafetarias in pallet
loads. Once a pallet was prepared, it would be
moved by a powered pallet mover into an
area where the truck drivers would load their
trucks.

The effectiveness of the training was mea-
sured before and after the training session by
videotaping lifting postures used by workers
performing their jobs, and comparing select
postural attributes as visualized on the video-
tapes. The videotapes provided a record of a
worker’s lifting postures that could be viewed
repeatedly to assure a correct classification of
the postures.

The training program used was a commer-
cially available program, modified to em-
phasize worker training, as opposed to super-
visor training. The program selected was the
“Pro-Back” * program from VISUCOM Pro-
ductions Incorporated. This program was
selected because it emphasized generally
accepted biomechanical principles and made
use of outstanding video graphic techniques
to reinforce lifting concepts. VISUCOM per-
sonnel were willing to assist in modification
of their program for this study. In presenting
the program, the worker training was pro-

* The VISUCOM Low Back Pain Prevention Program,
VISUCOM Productions, Inc., Box 5472, Redwood City,
CA 94063, US.A. -
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vided by a professional from the Center for
Ergonomics who had experience and training
in both adult education and biomechanics,
and had attended the VISUCOM Pro-Back

program.
Description of worker training program

An initial one-day supervisor training ses-
sion was presented by VISUCOM personnel
to the warehouse supervisors. This was done
to familiarize the supervisors with the study,
and gain their understanding of the need for
their employees to handle loads in a fashion
that would minimize low-back stress. The
training included:

(1) Having the participants at the begin-
ning of the training lift different size boxes
used in the warehouse, and then discuss with
them why they performed the lifting as they
indicated.

(2) Showing and discussing three video-
tapes which emphasized, Basic biomechanics
of lifting, Ergonomic modifications of the
workplace, and Supervisor and worker roles
in reducing low-back stresses.

(3) Reviewing written instructions and
graphic aids given to the participants to help
them understand how the lifting principles
work, and how they can be applied in their
operations.

(4) Having the participants try the lifting
principles again, using boxes and a general
workplace arrangement representative of that
in the warehouse.

(5) Performing a written evaluation of the
session, wherein the participants indicated
what new knowledge they had gained.

From the discussion with the supervisors
and their written comments, it was then de-
cided to present two 4-hour training sessions
to thirty-three of their workers. The videotape
and discussion regarding the need for ergo-
nomic job changes would not be included,
and the training would be presented by a
person from the Center for Ergonomics, who
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also attended the supervision training session,
rather than the immediate supervisors. It was
also decided that the supervisors would be
supportive of the training, but would not
reinforce specific lifting techniques when ob-
served after the training. It should be noted
that such reinforcement is an integral part of
the normal VISUCOM program, but was not
used in the study to allow the determination
of the effect of a single, well presented, 4—hour
training session on their workers:
The five principles continually emphasized
during the training are:
(1) Get as close to the load a possible,
(2) Keep the torso as erect as possible,
(3) Don’t lift and twist the torso while lifting,
(4) Lift smoothly, don’t jerk the load, and
(5) Get a good grip on the object, and make
sure the work area is as clear as possible
of obstacles that could cause a slip or
trip.

Study group statistics

A background survey of the study popula-
tion revealed that of the 33 in the training
group, 12% were female, and the group’s aver-
age age was 35 years, with a range from 23 to
58 years. The average time spent on the job
was four years, with a minimum of one year.
All had completed high school. None ad-
mitted to having had low-back pain, and none
had previous training in lifting techniques.

Data collection and analysis procedure

The initial filming of the workers took two
weeks. Each person was informed that they
were being filmed to determine stresses in-
volved in their work as part of a NIOSH
sponsored study. They were told that they
would receive training on how they might
perform their jobs to reduce low-back stresses,
but were not told that they would be refilmed
sometime later to determine how their lifting
behaviour changed.

The videotaping procedure was simple. The

analyst would choose a worker at random (or
a worker who was doing a lot of lifting at the
time) and follow him/her around, taping the
worker whenever lifting. This was a lengthy
process due to the fact that the workers did
not always perform lifting (there was paper-
work involved with most of the jobs). At least
six lifts with different sizes, types, and weights
of loads were taped for each worker. The
weight of each object lifted was recorded
during the taping for subsequent biomechani-
cal analysis. The analysis attempted to posi-
tion himself while taping so as to provide an
unobstructed, nearly sagittal plane view of
the worker while lifting.

The films were immediately viewed and the
data shown in Fig. 1 were recorded. As can
be seen in the data sheet, two types of pos-
tural data were obtained, discrete yes or no
binary data, and continuous data regarding
the horizontal distances to the load and the
torso angle. The binary data were obtained
with reference to the following decision
critena:

(1). Keeping it close. If the load wasn’t as
close to the body as possible, could the load
or person have been closer? Was the distance
to the load due to the workplace (i.e., the
worker was lifting an object from a container
or storage device that inhibited the lifting
style). In most cases, it was obvious whether
or not the load was as close as possible. In the
few cases where it was not completely obvi-
ous, it was left to the personal judgment of
the analyst.

(2). Keeping upper body erect. This meant
that the torso angle shown in Fig. 2 was as
close to vertical (90° from the horizontal) as
possible. If this was not the case, could the
worker have moved closer and bent the knees
more to accomplish it?

(3). Don’t lift and twist. Was there a simul-
taneous “lift and twist”? Did the worker ex-
ert a lateral twisting motion before finishing
the vertical Lift? If so, could the worker have
avoided this by taking an extra step? Could
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Subject 1D:

Tape Location:

Lift Number:

Approx. Weight of Load (pounds):

Description of Load:

Type of Lift: Squat Semi-squat Stoop One-Hand Arm Other

Was the object as close as possible? Yes No

The load could have been slid closer.

The worker could have stood closer.

The worker could have used a better type of lift.
The workplace prohibited a closer lift.

Was the upper body erect? Yes_ , No__

__ The worker could have used a better type of lift.
Did the worker twist while lifting? ~ Yes_ , No__

— The worker could have taken an extra step.
__ The worker could have arranged job to avoid twisting.

__ The workplace necessitated twisting.

Did the worker lift smoothly and not jerk? Yes__, No__
Did the worker get a good grip? Yes_, No__
Was the destination area clear? Yes_ , No_ _

Horizontal Distance: Torso Angle:

Comments:

Analyst: Date:

Fig. 1. Lift evaluation record form used by videotape
analyst to record data on 324 lifts filmed in study.

the worker have arranged the job to avoid
this? Was it due to the workplace?

(4). Lift smoothly, don’t jerk. Was there a
constant acceleration, and not a large “jerk”
at the beginning of the lift?

(5). Get a good grip. Did the worker place
his /her hands fully under or around an ob-
ject (i.e, in a power grip) before lifting, as
opposed to only using the distal parts of the
fingers in a pinch type of grip?

The data regarding the destination area
being clear of objects was not analyzed in the

131

study, because this condition was most often
the result of the workplace layout, and not
the worker.

The two continuous variables (i.e., the
horizontal distance and torso angle) were
measured just as the object was beginning to
move upward. The actual measurements were
obtained by freeze-framing the tape at that
point and measuring the distance and angle
indicated in Fig. 2. Because the warehouse
was heated and the study was performed in
the spring, the workers wore light clothing
which assisted in obtaining these measure-
ments. Similar measurements were made by
Park (1973) and were found to have a Cov =
5% with repeated readings. The H distance
was calibrated in each frame using the object
lifted as a size reference.

The second videotaping of the workers oc-
curred from 35 to 51 days after the training
session. Unfortunately some workers included
in the first taping were not available for the
second taping, and hence the data analysis
could only be completed for 26 subjects. In
total 174 lifts were analyzed before training
and 150 lifts after training for the group of 26
workers.

The resulting data were statistically evalu-
ated to determine the mean effect of the
training. For the binary data a contingency
test was performed to determine if the pro-
portion of “yes” replies before training was
the same as the proportion after training for
each lifting criteria. For the two continuous
variables a Smith-Satterthwaite Test of dif-
ferences in the mean values of H distance and
torso angle before and after training was used.

Because a large range of loads were lifted
by the workers during this study (see Fig. 3),
an additional post-hoc analysis was possible.
This analysis attempted to test the following
hypothesis: Workers would move heavier
loads closer to them and maintain a more
vertical torso posture than when lifting lighter
loads. To test this hypothesis, the loads lifted
were stratefied into three groups: Up to 10
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Fig. 2. Illustration of the two variables ( H distance and
torso inclination) measured in each of the 324 lifting
situations studied.

pounds, representative of a very light load,
between 10 and 35 pounds, representative of
relatively light to moderate loads, and 35 to

45 pounds, which approximates loads at or
slightly above the NIOSH Action Limit
(NIOSH, 1981). A two-way Analysis of Vari-
ance was performed on these two continuous
variables of horizontal distance and torso an-
gle to determune if heavier loads were handled
differently after and before training than the
lighter loads. An alpha error of 0.05 was used
to reject the hypothesis that the load would
not affect the horizontal distance and torso
angles.

A biomechanical analysis of the loads and
postures was also performed using the Center
for Ergonomics, Biomechanical Strength
Model. This model predicts LS /S1 disc com-
pression forces by assuming the body is a six
link articulated system. When a load is ap-
plied to the end of the linkage (i.e., the hands)
while the links are configured in a specific
orientation (i.e., posture), the resultant mo-
ments at each joint is computed assuming
static equilbrium conditions. The torso is as-
sumed to be two links, articulated at the
L5/S1 disc. The muscle force necessary to
stabilize the torso linkage against the external
resultant moment created by the load being
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handled and body weight is estimated, and
then used to predict the disc compression
forces. A complete description of this model
and algorithm is given in Chaffin and
Andersson (1984). This analysis indicated that
in less than 10% of the lifts studied the L5 /S1
disc compression force exceeded the NIOSH
Action Limit of 770 pounds compression.
Therefore, in interpreting the results that fol-
low, it must be acknowledged that they are
applicable to relatively light load lifting con-
ditions only.

RESULTS

The effect of training, as subjectively rated
by the proportion of “yes” responses of the
analyst on the evaluation form shown earlier
(Fig. 1) is depicted in Table 1.

These results indicate that the training did
have a beneficial effect on two of the five
criteria used to judge lifting behaviours. The
prevalence of jerking the loads was di-
minished from 21% to 2% of the lifts after
training (significant at a <0.001 level), and
the prevalence of inadequate gripping of the

TABLE 1
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objects was decreased from 11% to 1% after
training (significant at a < 0.001 level). The
analyst did not rate the workers as improved,
however, by the other three criteria: keeping
the load close, keeping the torso erect, and
not twisting the torso. The workers did show
a 5% decrease in the frequency of twisted
torso lifting, but this was not statistically
significant at a < 0.05 level.

The quantitative results from the analysis
of how close the load was held (i.e., the H
distance at the beginning of the lift) and how
erect the torso was (i.e., the torso angle at the
beginning of the lift) is depicted in Table 2.
Recall that the analysis for the training effect
was performed for three different load weight
strata to determine if the weight had a dif-
ferential effect before and after training (i.e.,
are heavier loads held closer with the torso
erect after training than when lifting lighter
loads?).

The quantitative results confirm the subjec-
tive impressions of the videotape analyst de-
picted in Table 1. In general, loads were not
held closer nor was the torso held more verti-
cally erect after training than before. The
more detailed analysis did reveal a tendency

Results of subjective evaluation of the effect of training on the five lifting criteria

Lifting criteria per cent of YES responses sig. level
before after (o)
training training

Did the workers keep their 86 84 <0.30

loads as close as possible?

Did the workers keep their 86 85 <041

torso as erect as possible?

Did the workers twist their 48 43 <0.22

torso while lifting?

Did the workers jerk the 21 2 < 0.001

load while lifting?

Did the workers have 1 1 < 0.001

inadequate grips while

lifting?
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TABLE 2

Quantitative results of analysis of H distance and torso angle at beginning of lifts for different load strata

Lifting criteria Object weight Train effect on distance (in) degrees (°)

before training after training

X SD X SD
What was the H distance <10 1bs 27 7 25 6
at beginning of 11-35 1bs 23 6 23 5
lift with different loads? > 351bs 23 7 25 4
What was the torso angle <10 1bs 19 23 19 29
from horizontal at 11-35 lbs 29 28 30 32
the beginning of lift with > 35 1bs 43 26 31 32

different loads?

Note: The mean X values were not significantly different at alpha < 0.05 level.

of the workers (both before and after train-
ing) to use a more vertical torso when han-
dling heavier loads, (19° for light load vs. 43°
or 31° for heavier loads) though this was not
statistically significant (at alpha < 0.05 level).

CONCLUSIONS AND DISCUSSION

It is concluded from this study that a well
planned and presented four-hour worker
training program can have a significant but
minimum effect on some lifting behaviours.
Recall that this conclusior. is based on a
group of healthy workers (i.e., they acknowl-
edged no history of back problems), and they
were subjected to only moderate stresses on
the low back during the study. Therefore, it is
suggested that training may be useful as part
of a more comprehensive program to prevent
low-back pain from developing in such a work
situation.

Further, it would appear that the type of
lifting behaviours most susceptible to alter-
ation are ones that are simple to learn (i.e.,
don’t jerk or throw loads, and make sure you
have a secure grip on an object). This study
did not reveal any changes after the training
session in the more critical aspects of torso

inclination, twisting, and in moving closer to
loads. It may be that these motor behaviours
are more difficult to learn (i.e., they require
well practiced manual skill and coordination
to execute). Alternatively, often the work-
place dictates how people must position
themselves when lifting. The fact that the
analyst subjectively concluded that the
workers were as close to the load as possible
before training, and were using as erect a
torso as possible in about 85% of the 324 lifts
studied, indicates that little improvement
could be realized by the training without
ergonomic changes in the workplace layout,
object size, and handle locations. In contrast,
twisting the torso while lifting can often be
avoided by the person taking a side step-and-
turn motion with the load. A definite trend in
using this technique was detected after the
training, but was not statistically significant.

The quantitative analysis of H distance
and torso inclination angle did reveal that
when handling the heavier loads the workers
attempted to raise their torsos to a more
vertical posture, both before and after train-
ing. Though this trend was not statistically
significant, it does show a sensitivity in this
group to the concept when handling heavier
loads. As discussed previously, because of the



layout of the warehouse and the size of the
objects being handled, the torso inclination
angle was restricted in most of the lifts
analyzed. This simply points out the need for
ergonomic improvements as well as training,
as proposed by Snook et al. (1978).

Clearly this study did nor deal with long
term retention of the lifting concepts. One
study by Hultman et al. (1984) of six healthy
workers did show a three month retention of
the concept to keep the torso more vertical
while performing janitorial services. In this
case the workers were shown and practiced
new methods of performing their tasks in
three separate 30 to 45 minute sessions over a
two-week period. They were also repeatedly,
formally quizzed on their knowledge to assure
comprehension at the end of the training ses-
sions. By having smaller groups, and short,
separated training sessions, the workers were
provided the opportunity to try the suggested
techniques and then meet and receive further
feedback and reinforcement from a skilled
trainer. Such on-the-job practice and rein-
forcement-is probably essential for long-term
retention. In this regard, active involvement
of the supervisors, as is part of the normal
VISUCOM program used in this study, should
assist in retention and perhaps further im-
provement in the lifting techniques in this
warehouse.

Lastly, it is believed that this study demon-
strates a practical and useful method of
evaluating the lifting techniques employed in
industry. A videotape combined with the
evaluation form in Fig. 1 provide an excellent
record for comparing the effectiveness of dif-
ferent types of intervention strategies, and
thus can assist in determining the cause and
prevention of occupational low back pain.
Admittedly, the use of a video camera to
record work activities may influence the work
postures in some unknown way, but such an
effect should be consistent before and after
the intervention. In this study the workers
were not aware that their lifting postures were
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being compared before and after training. To
futher determine the potential effects of
videotaping, one would have to find a
workplace with similar ergonomic require-
ments and workers who could be evaluated as
a control group. Perhaps larger studies of
training effectiveness should include this ex-
tra precaution.
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