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determination of postural changes and the computation of moments using a bottom-up
model. EMG data were obtained from eight trunk muscles following the onset of the
sudden unexpected load. In this study the belt reduced forward bending of the spine
during symmetric unexpected loadings. In females the belt slightly reduced the lateral
bending of the spine. In males the belt reduced the flexion moment acting on the
spine. Little change was found in the peak EMG signals from the posterior muscles
during the symmetric loadings, however, there was a reduction in peak response from
two of the anterior muscles. With asymmetric unexpected loadings the peak EMG
values increased in the posterior contra-lateral muscles and in the contra-lateral
External Oblique. Peak activity in the ipsilateral Erector Spinae was reduced with the
lifting belt. In sum, these results suggest the benefits of the lifting belt may be limited
to unexpected loadings that are sagittally symmetric. Even though the flexion moment
benefit continues to persist with the asymmetric unexpected loads, the additional
contra-lateral muscle recruitment associated with the belt may increase the risk of
muscle overexertion injury, thereby offsetting the potential benefit of reduced muscle
recruitment ipsilaterally. Given that unexpected loads are unpredictable by definition,
and will likely involve some degree of asymmetry, the data reported here suggest that
a lifting belt may be of little help.



BODY OF REPORT
BACKGROUND AND SIGNIFICANCE

2.1 Introduction

Occupational low back pain represents an enormous cost to society both financially
and in terms of morbidity. Epidemiological studies indicate that up to 80 percent of
the population can be expected to suffer from low back pain sometime in their lives
(Andersson, 1991). In a majority of cases this pain is considered idiopathic, thereby
making treatment difficult and often expensive. Several occupational factors have
been explored as to their contribution to low back disorders (LBD's). Frequently
combinations of lifting, bending, twisting, and general material handling tasks are
described as the precursors of back injuries (Andersson, 1991, Bigos et al., 1986;
Frymoyer et al., 1983, Punnett et al., 1991). Furthermore, low back pain represents
the leading cause of activity limitation in individuals under 45 years of age (Andersson,
1991). It is this age group who performs most of the occupational manual material
handling tasks.

Snook et al. (1978) evaluated the effectiveness of three potentially viable
preventative approaches taken toward controlling occupational LBD's: job design,
training, and employee selection. These authors concluded that job design was the
most promising of the three alternative approaches and attempts to prevent the
incidence of low-back disorders (LBD's) through ergonomic redesign have enjoyed
good success in some manufacturing environments. Unfortunately, in many work
environments jobs are not easily redesigned due to constantly changing work
demands. For example, those employed in the construction industry, delivery type
jobs, or in nursing occupations perform frequent lifting but rarely under repeated
circumstances. Nurses report the use of mechanical assistive devices (ie: hoists) to
be awkward. Owen and Garg (1991) report that where assistive devices lowered the
biomechanical stress on the handler, the patient comfort ratings were less than
satisfactory. Thus, in the nursing environment where the work layout and location is
constantly changing, job design principles are exceptionally difficult to put into place.
Similar problems are encountered in construction and delivery occupations.

Historically, ergonomic efforts in environments where quick "fixes" are not available
have relied heavily on training employees in the proper techniques for lifting. Snook et
al. (1978) concluded that such training programs were ineffective at reducing low back
injury claims. More recently, Daltroy et al. (1997) reported that a controlled trial of
"back-school" type program, designed to teach safe lifting techniques, was ineffective
at controlling LBDs in their study of 4000 postal employees. Thus, one of the
approaches taken to control LBD's in jobs comprised of these less structured tasks
has been to use lifting belts.









Lifting Kinetics and Kinematics

As mentioned above, several epidemiological studies have associated deviated
trunk postures with increased risk of LBD. Of particular concern are tasks that require
extreme forward bending, lateral bending and twisting (Andersson, 1991; Frymoyer et
al., 1983; Marras et al., 1993; Punnett, 1991). Some investigators have evaluated
whether lifting belts affect the trunk kinematics. Reduced trunk motion would
effectively result in a changed lifting style. Previous research has shown that the peak
moments predicted at L5/S1 with a biomechanical model have been shown to be
dependent upon lifting style and lifting speed (Buseck et al., 1988; Bush-Joseph, 1988;
De Looze et al., 1993; Dolan et al., 1994; Gagnon and Gagnon, 1992; Schipplein,
1991).

Lander (1990), used cinema-graphic data to quantify the trunk kinematics and
showed that there were no differences in the absolute or relative joint angles in the
sagittal plane for the knee or the torso when their subjects lifted with and without lifting
belts. McGill et al. (1994) investigated the change in the passive bending resistance
of the torso with the lifting belt. These authors used biofeedback via EMG to insure
the muscles were not recruited to resist the bending moments applied to the torso.
They found that the bending resistance of the torso with the belt was unchanged in
response to bending moments in the sagittal plane. However, these authors did
observe reduced frontal plane and transverse plane motion with the lifting belt. Thus,
they concluded that the passive resistance to lateral bending and twisting motions was
increased with the lifting belt.

Lavender et al. (1995) quantified the changes in trunk kinematics due to a lifting
belt as subjects performed a lifting task with varying degrees of asymmetry. Trunk
motions were measured with the lumbar motion monitor as subjects lifted a box and
placed it on a shelf. Subjects participated in two lifting sessions: one session with the
lifting belt and one session without the lifting belt. In half of the lifts foot movement
was restricted, whereas in the other half of the lifts foot movement was encouraged.
These authors reported that the twisting and lateral bending motions were dependent
upon the both the belt and restrictions in foot movement during the asymmetric lifts.
Their results showed that the frontal and transverse plane motions were reduced in
asymmetric lifting when foot motion is encouraged, but that the transverse plane
motions were even further reduced when a lifting belt was worn. The trunk's angular
velocity and acceleration in each of these planes was also significantly reduced with
the lifting belt.

This latter study was limited in that the internal muscle forces were not evaluated.
It is possible that the limited motion could have been accompanied by larger internal
muscle forces due to the motion resistance. These studies do suggest however, that
the lifting belts potentially stiffen the trunk with regard to preventing motion in the
frontal and transverse planes. Thus, should the torso be subjected to a sudden



perturbation in an oblique plane, the lifting belt should act as a stiffening aid and
reduce the internal muscle force required to stabilize the torso.

Sudden Loading

Manning et al. (1984) determined that 66 percent of the back injuries recorded in
an industrial setting were preceded by some type of underfoot accident. Often these
were slips without falls (Manning et al., 1984). This suggests an injury scenario
whereby the neuromuscular system over-reacts to an unanticipated event and in the
process damages tissue containing nociceptors. A similar scenario can be expected
to occur when a sudden load is imposed upon the body. For example, a sudden load
applied to the hands will require the rapid generation of muscular forces in the torso in
order to maintain the body's stability, where stability is defined as the maintenance of
the body's balance and posture. Such a scenario describes 12.3 percent of accidental
injuries evaluated by Mitchell et al. (1983). Similarly, Magora (1973) reported an
epidemiological link between the frequency of sudden maximal efforts, especially when
unexpected, and the occurrence of occupational low back pain.

The consequences of sudden unexpected loads or sudden changes in postural
stability have been investigated as sudden loads were applied to the hands (Carlson
et al, 1981; Marras et al., 1987), as loads were applied to the torso directly (Omino
and Hayashi, 1992) and during impending falls (Romick-Allen and Schultz, 1988). All
of these events lead to increased loading of the spine and it's supporting tissues. In
sum, when the system is unexpectedly loaded a startle response is generated wherein
the system "over-reacts" (Greenwood and Hopkins, 1976). This response further
tensions the muscles and accentuates the mechanical loading of the spine.

An individual's expectancies regarding the temporal occurrence of a loading event
will significantly affect the magnitude of the startle response. Studies evaluating
sudden loading of the torso have reported strong relationships between warning time
and muscle response (Lavender et al., 1989; Marras et al., 1987). For example, as
warning time was increased from 0 to 400 ms, the severity of the impulse load
delivered to the spine decreased (Lavender et al., 1989). It was theorized that the
internal loadings were reduced through the formation of temporal expectancies as to
when the sudden loading would occur. Similarly, expectancies as to the magnitude of
the loading were theorized to develop. When subjects were led to expect a 25 pound
lift, Khalil et al., (1990) found that the EMG response of the biceps to an actual 5
pound lift was equivalent to that of a 25 pound lift. Butler et al. (1993) found a jerking
motion and a significant increase in the peak L5-S1 moment, as detected via kinetic
and kinematic analyses, when the magnitude of the lifted load was much less than
anticipated. Pattersson et al. (1986) reported an oscillatory lifting pattern under such
conditions while the body attempted to adjust it's response based on the new
information regarding the load's magnitude.









SPECIFIC AIMS

The goal of the research performed here was to provide information that can reduce
the likelihood of low-back pain being triggered when the body is subjected to
unexpected suddenly applied loads. Immediately after such loadings occur, as the
body recovers from the sudden perturbation, large internal forces are generated
thereby creating an enormous potential for injury. While previous research has shown
that when sudden loads can be anticipated the magnitude of the muscle response is
substantially reduced, unfortunately, in many situations there is little or no warning as
to when a sudden loads will occur. The stiffening of the torso seen in recent research
using lifting belts suggest that a lifting belt may prove beneficial to those in
occupations in which sudden unexpected loading of the torso occurs frequently. Thus,
this research addressed the issue of whether lifting belts protect the torso through
reducing the kinematic response (increased stiffness) and or through reduced
activation of the trunk muscles following a sudden perturbation.

The following specific hypotheses were tested as part of this study:

1. A lifting belt stiffens the torso during sagittally symmetric and asymmetric sudden
perturbations as evidenced by a reduction in the trunk motion in the sagittal, frontal,
and transverse planes.

2. A lifting belt reduces the peak electromyographic activity of the major trunk
muscles supporting the torso during sagittally symmetric and asymmetric sudden
unexpected loading.

3. During unexpected sudden loading the effectiveness of a lifting belt in minimizing
the muscular loading of the torso is enhanced relative to expected sudden loading
conditions.

4. The use of a lifting belt results in a greater sharing of the peak bending moments
acting on the spine with the articulations of the lower extremities, thereby, reducing the
magnitude of the impulse load delivered to the torso.
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signals were sampled at 120 Hz. The raw EMG signals were monitored on a sweep
oscilloscope for signal quality.

The trunk position data were obtained with the LMM (a tri-axial electro-
goniometer), and were collected at 60 Hz utilizing the LMM's software. The LMM
attaches to the thoracic spine via a chest harness, and to the pelvis at the level of the
sacrum with a pelvic harness. The unit weighs approximately 1.4 kg and does not
restrict lumbar motion. The reliability of the instrument has been reported by Marras
et al. (1992)

Procedure

Upon entering the laboratory, subjects signed an informed consent which
described the protocol of the study. The subjects' height, weight, age, leg length,
lumbar spine length (L5 to T1), and waist circumference were measured.

Surface EMG electrodes were placed on the skin overlying the muscle bellies of
the eight trunk muscles. The electrodes were attached at the level of T10
approximately 4 cm from the midline for the LGTL and LGTR, and at the level of L3,
approximately 4 cm from the midline for the ERSL and ERSR. Electrodes for the
RABR and RABL were attached at the level of the umbilicus 2 cm from the midline.
Placement for the EXOL and EXOR electrodes was at the level of the umbilicus,
approximately halfway between the iliac crest and the anterior superior iliac spine.
This is usually 2 cm medially and 2 cm laterally from these respective bony
landmarks and rotated 45 degrees from the vertical. The common ground electrode
was attached between the sixth and seventh rib in the mid-axillary line. The skin at
these sites was cleaned with alcohol and lightly abraded. Baseline or resting EMG
values were recorded with the subject standing in a relaxed posture.

Maximum isometric muscle forces, for the purpose of EMG normalization, were
measured by having the subjects perform resisted isometric trunk flexion, extension
and rotation. The subject stood in the reference frame with the pelvis firmly secured,
a harness was attached to the thoracic region, that in turn was connected to a
dynamometer via steel cable. The subject was asked to exert maximal flexion,
extension, and rotation forces with his or her trunk while standing in a neutral posture.
These tests were repeated at 2 minute intervals until the force measured from each
muscle group no longer increased and the two greatest trials were within 10 percent of
each other (Caldwell et al., 1974). The maximum extensor force was recorded and
used to determine the magnitude of the weight dropped during the suddenly applied
load.

The subject remained in the reference frame with his or her pelvis secured as
described above. The method of attaching the LMM to a subject was modified in this
experiment. The base of the unit was secured to the stand in which the subject's
pelvis was secured. The LMM was adjusted so that the base was aligned with the
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c) External Oblique: along the line between the superior iliac spine and the
umbilicus approximately 5 cm medial from the superior iliac spine.

d) Rectus Abdominis: at the level of the umbilicus 2 cm lateral from the
midline.

Maximum voluntary contractions (MVC) were performed for the purpose of
normalization of EMG. The subject was put in the Lido Back machine and asked to
flex, extend, twist right, and twist left at his/her maximum ability. The machine was
set to it's lowest isokinetic velocity setting (5 deg/sec). The EMG was sampled as
the trunk was flexed or extended approximately 15 degrees. The maximum extension
trunk strength was recorded and used to normalize the weight and pre-load used in
sudden loading trials. The baseline EMG was taken in the in measurement space
within the magnetic field as the subject stood in a relaxed standing posture.

The sensors from the motion monitor were placed securely using Velcro raps,
self adhesive surgical raps and a cap on the following twelve "rigid" body parts:
lateral side of the left and right shank, lateral side of the left and right thigh, top of the
sacrum, over the spinous process for the 1st lumbar vertebrae, over the spinous
process for the first thoracic vertebrae, on the lateral side of the left and right upper
arms, on the lateral side at the distal end of the left and right forearms, and on the
back of the head using an adjustable cap. An additional sensor was used to locate
the segment ends for the software by placing it over the left and right shoulders,
elbows, wrists, hips, knees, and ankles.

Closed cell foam gads (plastisote) 7 mm thick were placed surrounding the
electrodes using surgical tape. These pads were used to prevent the lifting belt from
exerting direct pressure on the electrodes. The lifting belt of correct size was placed
loosely around the waist. The belt was only tensioned during the trials that require
lifting belt, otherwise belt was kept loose enough that a hand could be easily slipped
between the belt and subject’'s abdomen.

Subjects were asked to stand straight on the force plates with forearms bent
ninety degrees, with no abduction of the shoulder and forearms in a neutral
orientation. A reading with the Motion Monitor was then obtained with the subject in
this "calibration" position.

Prior to each trial subject was blindfolded and instructed about the belt tension
and symmetry conditions. The box was then handed to the subject and the condition
of pre-load was checked. The weight was raised one meter and dropped freely after a
variable interval of 3 to 8 seconds. Data were collected 3 seconds before and 1
second after the loading.

Data Treatment
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the total motion by approximately 3 degrees during the sagittally symmetric loadings.
About half of this reduction in motion occurred in the lumbar spine and about half in
the pelvis. This resulted in the relative motion between the spine and the pelvis
staying constant across belt conditions. With preload, however, the total spine and hip
flexion was reduced, regardless of the lifting belt condition. However, the belt reduced
the ratio between the spine and hip motion. This finding suggests that the stiffened
spine flexion due to the belt and the trunk extensors results in relatively greater motion
at the hips.

It is theorized that belt, in damping spine flexion, reduced the acceleration
enough to decease the flexion moment calculated at L5/S1. It is interesting that this
effect only occurred in males. There are two issues that could have contributed to this
finding. First, anatomical differences between the male and female pelvis could have
affected the effectiveness of the belt in controlling spine motion. However, if this were
true then a belt by gender interaction effect in the spine forward flexion motion should
have been found. Second, the moments were nearly twice the magnitude in the
males as opposed to the females. This is largely due to the normalization procedure
whereby the magnitude of the sudden load was based on the trunk extension strength.
Plus, males flexed their spines about 28 percent further than females (p<.01) in
response to the loadings, thereby adding more moment due to trunk orientation and
motion. Thus, the moments were already relatively small for the females, thereby
allowing less room for variation.

The greater peak muscle response in the LATL, ERSL, EXOL is consistent with
the reduced forward bending and lateral bending motions following the loading, but
appears inconsistent with the reduction in the flexion moment observed in the male
subjects. Overall, the drop in EMG activity observed in the right external oblique,
rectus abdominus, and right erector spinae (asymmetric trials only) with the belt
tension could be viewed as a reduction in the co-contraction response. Thus, belt
may have been perceived by subjects as being protective, which in turn resulted in
reduced use of antagonistic muscles normally recruited for stabilization purposes
(Ladin et al., 1989; Lavender et al., 1992). Greater agonistic muscle force, combined
with less antagonistic force would result in a greater deceleration of the trunk following
the onset of the loading, which reduced the motion, which in turn, lowered the peak
moment.

In sum, the results from this study do not provide an easy answer with regards to
the benefits of the lifting belt. In part this is due to the interactions found between the
belt and the other factors considered in the experimental design. At first glance, the
data support the hypothesis that belt stiffens the torso's response to sudden loading.
Clearly the effects are small and the individual differences are large. This suggest
that a belt may protect some individuals but not others. Further research is needed
to identify the nature of these individual differences. Until this is done
recommendations regarding belt use or non-use cannot be made.
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