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B The Development of Response Strategies
in Preparation for Sudden Loading to

the Torso

S. A. Lavender, PhD,* W. S. Marras, PhD,t and R. A. Miller, PhD*

fifticipated in five to six experime ; :
sudden load was applied by dropping:a weight once™ ;-7 °

hininute for 30 minutes. Electromyographic (EMG) data .

ym 10 trunk muscles, IAP dats, and postural data were
ed during the initial session and final sessions

ach subject. The results indicate where each subject

sloped a unique preparatory strategy. The prepara-

yon always involved the pretensioning of the erector

) Ipinae muscles, although the coactivation of the other -

bunk muscies was quite variable across subjects. During

8 sudden loading the overall postural disturbance was

consistently reduced; however, the trunk flexion -

s significantly reduced in most subjects. Furthermore,

stimated spinal compression due to muscle load-

ing was significantly reduced in all subjects. [Key words:

preparation, electromyography, EMG, sudden loading,

o bar spine, low-back injury]

Frequently combinations of lifting, bending, twisting,
ad general material handling tasks are described as the
Precursors of occupational back injuries.'>*1 A recent
Wrvey of back injuries in an industrial setting determined
filft 66% of the first events associated with acute trauma
uries to the back involved some type of underfoot
&cident. Forty-six percent of these were slips without

5.2 This suggests an injury scenario whereby the
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neuromuscular system over-reacts, and in the process,
damages tissue containing nociceptors.

A similar scenario can be expected to occur when a
sudden load is imposed on the body. For example, a
sudden load applied to the hands requires the rapid
generation of muscular forces in the torso to prevent the
postural disturbance from destabilizing the body to a
point where a fall is possible. Such a scenario described
12.3% of accidental injuries described by Mitchell et al.2
These results are consistent with research linking the
frequency of sudden maximal efforts, especially when
unexpected, to the occurrence of occupational low-back
pain.'®

A sudden response of the neuromuscular control
system supporting the spine greatly increases the me-
chanical loading of the vertebral structures relative to
comparable static loading. Two factors are responsible
for this increased biomechanical load. First, sudden
loading, by its nature, includes a dynamic component in
the external force application. This requires that addi-
tional muscle force be generated to minimize the
disturbance to the body’s posture. Second, when the
system is unexpectedly loaded, a startle response, where
the ‘system over-reacts, is generated.'* This response
further accentuates the spinal loading created by the first
component, thereby increasing the risk of low-back
injury.

An individual’s expectancies surrounding the tem-
poral occurrence of a loading event significantly affects
the magnitude of the startle response. For example,
investigations studying sudden loading of the spine have
reported strong relationships between warning time and
muscle response.!®2? As warning time was increased
from 0 to 400 milliseconds, the severity of the impulse
load delivered to the spine decreased. It is theorized that
the internal loadings were reduced through the for-
mation of temporal expectancies as to when the sudden
loading would occur. These expectancies are considered
to drive a set of preparatory responses oriented toward
minimizing the postural disturbance incurred during
sudden loading situations. With regard to sudden loads
transmitted to the lumbar region of the torso, these
preparatory responses likely include muscle tensioning
and coactivation, whole body postural changes, and the
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development of intra-abdominal pressure. In minimizing
the postural disturbance, it is expected that the me-
chanical (compressive) loading on the spine also should
be reduced.

Previous research has shown the sensitivity of prepa-
ratory muscle responses and anticipatory postural adjust-
ments to the spatial expectations of an upcoming
response. Several investigators have studied postural
preparatory movements in response to voluntary or
involuntary movements.®”-2* Typically, the body’s
center of gravity (COG) is shifted so as to offset the
resultant forces and moments generated in an upcoming
movement.$

Similarly, Bouisset and Zattara® have published elec-
tromyographic (EMG) results demonstrating the muscle
activations in anticipation of a loading event. When
subjected to sudden loading, subjects activated their
muscles earlier when adequate warning time was avail-
able.'” This preparatory activation in the muscles can be
considered a pretensioning response, analogous to pre-
loading springs.’s In this manner the slack is removed
from the system, giving the system a quicker and stiffer
response.

Increased stiffness of the musculoskeletal response is
often achieved through the coactivation of antagonistic
muscles.'® The actual coactivation partern employed has
been shown to be a function of several factors. These
include the rate of force development across a joint,}?
whether there is spatial or force level uncertainty
regarding the required response,® the magnitude of limb
deceleration,?” and the behavioral control strategy to
unanticipated events.'® Furthermore, the cocontraction
of antagonistic muscles is usually lessened as skilled
behaviors develop.? In the torso, several muscle groups
potentially contribute to the stiffening of the lumbar
intervertebral joints. These results make both the form
and the magnitude of the muscular coactivation in the
torso, while an individual prepares for a sudden loading,
difficult to predict. Certainly task experience is a critical
variable both from the standpoint of expectancy de-
velopment as well as from the standpoint of motor
control.

Preparation for sudden loading affecting the torso
would potentially lead to increased intra-abdominal
pressure (IAP). Research evaluating the influences of IAP
on spinal loading has produced inconsistent results.?
Generally, peaks in IAP have been observed early in the
onset of torque development.® Marras, Joynt, and King?*
further observed that discrepancies between IAP and
torque onset occurred with increased trunk velocities.
These authors have suggested the role of IAP may be that
of a preparatory response whereby the trunk’s acceler-
ation is controlled. Therefore, under sudden loading
conditions IAP is likely to be a component of the
preparatory behavior. Under these conditions IAP is
hypothesized to dampen the trunk acceleration due to
the external loading. Overall, the literature is extremely

Table 1. Anthropometric Measures Taken From, the 3
Subjects i

2
.

b ¢

Subject

Measure 1 2 3 3
Age aQ 44 23 R
Height 173.4 182.4 1733 A
Weight 783.2 7788 867.5 B
Elbow height 1074 109.6 106.3 3
Lower arm length 45.1 515 456 -
Trunk breath 31.0 21.7 280 b

Trunk depth 243 215 202 3"‘

Lengths are given in centimeters and weights are given in Newtons,

limited regarding the development of biomechs 8
preparatory responses.

Furthermore, the modification of these responsesy
function of task experience has not been investiga
The objective of this research was to test hypothd
regarding the changes in the preparatory resp;
strategies, namely, the pretensioning of muscles, postil§
shifts, and the development of IAP, due to increased §
experience. Specifically, the following hypotheses wd
tested with regard to increased task experiences ¥
Muscle tensioning during preparation for a suddd
loading would increase. 2) The preparatory coactivaty
of the antagonistic muscles (trunk flexors in this caf
would increase. 3) The use of IAP before the loady
would increase. 4) The preparatory posterior shift of f§
body’s center of gravity would increase. 5) The postf
disturbance during the sudden loading would be'f
duced. 6) The predicted spinal compressive forces durifih
the sudden loading, as determined with an EMG-di‘i

P

model, would also be reduced. 3

W Methods 2

Approach. The current experiment used a variation of:‘.
sudden loading paradigm developed by Marras et al.* o stug
the preparatory responses. The advantage of this paradign
that the onset of the loading is under the control of &
experimenter. The experiment reported in this article used
periodic sudden loading event to facilitate the devclopmﬂ!"
temporal expectancies through task experience. This assufii
an individual monitors the passing of time and is capable:-
estimating the time until the next loading event. The literattg
has shown humans are capable of this task but are sensitivégs
the costs and benefits involved.?? 1
Subjects. Four subjects participated in the study. Men W3
used to minimize the likelihood of an exertion injury during s
physically demanding protocol. All were berween the agesOl g3
and 44. Table 1 contains the subjects’ anthropomerric datd- 28
subjects signed consent forms approved by the Ur}ivc
Human Subjects Review Committee. Subjects were h"3"-4
compensated for their efforts. Funding limitations aliowed .
four subjects. e

o s ..
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sental Design. This research was designed to test
ses regarding the changes in preparatory responses
d with increased task experience. Subjects received
weights dropped at 1-minute intervals into a canvas
‘held in the hands. During each experimental session
s received the weight 30 times over a 30-minute period.
jmary independent variabl2 in this experiment was the
with the task. Each subject participated in five
mental sessions, with the exception of one subject. This
was asked to participate in a sixth session because of an
ed 2-day break during the first five sessions. Each
served as their own control in that data collected in the
gession was compared with the data collected during the
 session. The dependent measures were classified into four

€1<Integrated electromyographic data (IEMG) from the 10
unk muscles supporting the torso at the leve] of L5-S1
#aeen by the Schultz and Andersson®! transverse cutting plane
BRtechnique. These muscles were the left and right latissimus
Horsi (LATL and LATR), the left and right erector spinae
RSR and ERSL), the left and right rectus abdominus
BR and RABL), the left and right external oblique
EXOR and EXOL), and the left and right internal oblique
*“{OBR and IOBL).

L3, Force plate data providing ground reaction forces. These
“are used ro obtain the two-dimensional location of the
body’s COG.

t; +*:3, Lumbar motion monitor data providing position data of
7. the LS-S1 joint in the sagittal plane.

> 4. Intra-abdominal pressure (IAP) data.

- Apparatus.  Subjects stood in a three-sided booth-shaped
Sructure shown in Figure 1. A 53.4-N weight, composed of a
- bagcontaining lead shot, was dropped through a stove pipe into
alightweight bucket (0.77 kg) held in the hands. The level of
the force platform was adjusted for each subject such that the
photocell on top of the bucket, held with the elbows a a right
. sagle and wrists in a neutral posture, was approximately 32.5
- ambelow the stove pipe. The bucket was 27.3 cm deep, making
- thetotal vertical distance traveled by the weight 111.1 cm. The
 photocell, which marked when the weight entered the bucket,
Was activated approximately 60 milliseconds before the weight
ontacting the bottom of the bucket. Located 32.5 cm below
Stove pipe, at a level equal to the top of the bucket, was a

lll(’ll‘lentary pushbutton switch.
e centimeters below the switch, a computer monitor
layed a compensatory tracking task. This task was designed
occupy the subjects” attention during the 1-minute period
¢en loads. The task required subjects to keep a disk
Cfmer.cd on the monitor’s screen through the use of verbal
ecnOn_al commands. The position of the disk was determined
o ‘“m'.mng the verbal inputs and a driving function composed
ve Sine waves of varying amplitude and frequency. Beneath
Monitor a wooden shelf allowed the subjects to rest the

Cket In between weight drops.

Whenr:}?lse generator masked audio cues that could indicate
F € Weht would fall. Subjects also were given industrial

in . .
ad; B Protective devices to further assure the removal of
1tory cyes,

to

tace omputer, operating with in-house software, sampled
! annels from the A/D board at a rate of 100 Hz and with
¥

rope

puliey

- noise
generator weight
chute

48.6 cm
o l
microphone '
326cm

!

ready switch

243.8 cm

bucket vOoT

force platform

!
adjustabie height
platform

Figure 1. Diagram of experimental chamber in which subjects
stood while participating in the study.

a 5 mV resolution. Analog data, as shown in Figure 2, were
generated from five sources: the force platform, the EMG
system, the IAP system, the lumbar motion moniror, and the
event markers. Electromyographic data were collected using
bipolar surface electrodes that were connected to preamplifiers
attached to a belt worn by the subjects. The signals, passed via
cable, were further amplified, rectified, integrated with a time
constant of approximately 100 milliseconds, digitized, and
stored in a personal computer.

Ground reaction forces used for obrtaining the postural
displacement data were collected using an Advanced Me-
chanical Technology Inc. (Newton, MA) OR6-5-1 series force
platform. Intra-abdominal pressure data were collected by a
Remote Control Systems Ltd. (London) telemetry unit. Because
pressures sampled from different parts of the peritoneal cavity
are similar,?® the IAP capsule was inserted rectally. The
transmitted radio signal was received by an antenna worn
around the subject’s waist. The pill, which was calibrated for
each data collection session, was found to have a curvilinear
relationship between pressure and the output voltage.

Postural data of the lumbar region were obtained with the
Lumbar Motion Monitor (LMM), a device developed by the
Biodynamics Laboratory ar The Ohio Stare University, to
measure the kinematics of the lumbar spine in each of the three
planes of the body. The unit strapped over the spine by means
of a premolded Orthoplast harness system. Instantaneous
position data are obtained using in-house software that
contained the calibration models for this device. This unit was
used a measure of the postural disturbance in the rorso due to
sudden loading.

The final data sources were from event markers wired to
provide an analogue pulse used in designating the onset of
events in the data set. The events marked in this experiment
were: 1) when the subject pushed the momentary switch, and
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Figure 2. Data acquisition system used in collecting the 23 analog
inputs.

2) when the weight broke the photobeam on its way into the
bucket.

Procedure. Subjects received instructions that stressed the
relative emphases on the two experimental tasks: receiving the
periodically falling weights and the tracking task. Subjects were
told that every minute a weight would fall. Their task was to
allow the weight to drop into the bucket and hold for
approximately 3 seconds. One minute after the presentation of
the previous weight, another would be delivered. In between
receiving weights the subjects were asked to perform the
verbally controlled tracking task. Subjects were instructed to
estimate when most of the 1-minute time interval had elapsed
since the previous weight delivery. At this time they were asked
to pause the secondary tracking task by saying “‘pause” into the
microphone, to press the front of the bucket into the
momentary switch, and to prepare to receive the falling weight.
The momentary switch sent a pulse to the computer, indicating
when the subject began preparing to receive the load. Subjects
were not permitted to wear watches during the experimental
sessions.

Muscles were isolated and the electrodes were applied to
standard muscle sites as described by Marras.22 The electrode
collars were circled with magic markers so similar pick-up sites
could be used each day. After electrode placement the subjects
were given the IAP pill to insert and sent to the lavatory.
Subjects went through the same preparation before data
collection on each day of the experiment. Data were saved on
the first and final days of the experiment. On these days two
isometric maximal voluntary contractions (MVCs), attempted
trunk flexion, and trunk extension were performed while the
subject was in an upright posture. These data were used in
normalizing the EMG values along with resting EMG values,
which where collected with the subjects standing in a relaxed
posture.

After the EMG preparation and maximal exertions, subjects
were fitted with the Lumbar Motion Monitor (LMM). Ref-
erence values were obtained by having the subject stand in an
upright neutral posture.

After the setup procedures, the subject was asked to step into
the experimental chamber. At this time the subject was given
the hearing protective devices and the subject put on the
microphone headset. The subject received a signal indicating
when the first 1-minute interval started. The subject initiated
the tracking task with a verbal command and for the next 30
minutes received the weight at 1-minute intervals.

MUSCLE ACTIVITY {(NEMG)

READY SIGNAL

WMW“—

TIME IN S8ECONDS

Figure 3. Example of data analysis for a single muscl.: .
plateau in the muscle response between the ready sigr
indicated the start of the preparatory period, and the }
photobeam. v

Data Treatment. Data were collected automaticalfyle
computer once the testing session began. The &
sampled the data channels for 15 seconds, beginning 4§ g
into the 1-minute period. The sampling continued th
weight drop at 60 seconds into the period for an additR
seconds. The data were stored on the hard disk fo ¥
analysis. ) 3
The EMG data were normalized for each subject. In
the normalized signal computed in Equation 1 represe
difference between the observed value of the i* muscles
and its resting value divided by the total range of the
activity obrained from that muscle. 2
NEMG(i) = (OBS(i) — REST(i)) / (MAX(i) — REST{{}}
Where:
OBS(i) = the current IEMG value of muscle i.
REST(i) = the minimum resting IEMG value of mi
from the 5-second relaxed standing period. ;
MAX(i) = the maximum IEMG value from muscle i ‘;?

the §-second maximal voluntary contraction.

Y

The data from the even-numbered trials were used ifig
current analysis. Therefore, from each session, 15 trials:%§
potentially available for analysis. Because this study: .
focused on preparatory responses, trials with less th “
2-second preparatory period, as defined by when the subjy
pushed the ready switch, were not included in the analys
normalized EMG (NEMG) data for each muscle samplefl 8
experiment looked similar to the schematic shown in Fi gurcs
Three phases of the NEMG response were observed in’
time-varying signal. In the first phase, muscles were esse
at baseline levels until subjects pushed the momentary
indicating they were ready to receive the weight. After:
switch closure, subjects appeared to enter a second phasé;
preparatory phase, in which the muscle forces were el
before the loading. The third phase was initiated 60
seconds after the break in the photobeam that indicated
the weight contacted the bucket. )

Normalized EMG data were used to estimare the 10t
torque contribution in the sagittal plane for cach muscle. .
the preparatory NEMG were converted to muscle force £ 08
follows:

Force(i) = NEMG(i) * XSECT(i) * S0 N/cm? (2)
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muscle cross-sectional areas that were computed for
- .ct based on regression coefficients employing torso
‘o ’ub',cncrric dara and constants provided in the literature.?®
'M, limit of 30 N/cm? for muscle tissue was used by
er" al.2¢ These muscle forces were then multiplied by
'.G'" ﬂct‘-zi'\'c moment arms*® and the trigonometric relations
r‘is:(hc mu . corques about the L5 ~S1 joint with respect
the axis parai with the frontal and transverse planes.
1 The ground reaction forces and the COG displacemenr were
eained from the force platform. On_ly the CQG displacements
the sagittal plane were used in this analysis.
* The preparation data from the force platform and the
pmbar motion monitor were sampled from the time at which
e “ready” burton was pressed to thelz point at which the load
woke the pher seam. The COG dlsplact?ment and lumbar
qosinion chanee- were computed by taking the difference
herween the final and initial values. During the drop phase, the
shange in these measures was defined as the difference between
the final value of the prepararory phase and the most extreme
point immediatcly after the weight contact.

Because of the small number of subjects and the individual
Afferences observed in the preparatory responses, each sub-
gat's data was cvaluated separately. Univariate analyses of
variance (AN? ) were conducted for each muscle, the IAP,
and the postu:: measures within each subject to determine
whether there were significant changes over the experimental
wssions. Stmilarly, ANOVAs were conducted on the data
awllected after the sudden loading to compare whether these
responses were changed because of the increased task expe-
fenee.

8 Results

This secti: ocuses on the changes in preparatory
srategy changes due to the increase in rask experience as
wen i each ot the four subjects. Furthermore, these
preparatory strategies and the changes in these strategies
ae related to the measures obrained during the sudden
ioading.

Muscle Pr>paration

Forthe firsect, the torques generated by the muscles
during the preparation period from the ten trunk muscles
¢ shown in Figure 4A. In this subject’s final session,
{hhough the muscle torques from the ERSR and the
,}',RSL significantly changed with experience, the com-
fned crecror spinae torque was reduced by approxi-
”‘“‘_Cl)' [0 from the values observed in the initial
ssion, hange, combined with a significant increase
Bthe ac ion of the anterior musculature, served to
Mrease the relative coactivation of the agonist and

Magonist muscles.
' Figure 4p shows the second subject, with increased
:“‘k eXperience, to have developed a muscular prepa-
Hon strategy employing low levels of erector spinae
b“_({rq““ vrbined with high levels of torque from the
l::;;‘:' .»’lqu_cst 'ln crevariny: this strategy, ll’lll'SCIC
‘igl‘-iﬁg\l ,.[ the nitial session tor both erector spinac
tery ;ln“ ,\“dccrcascd wh)lu‘ Fl}c musdc torques tf)r both
h, ;,\ Volique muscles §lghnh¢3ntly lqc;eascd. Chzmgcs
shtrectus abdominis and the left internal oblique

were statistically significant; however, the magnitude of
the contribution made by these muscles groups to the net
stiffening of the L5—S1 joint was quite small. This subject
could be characterized as developing a preparatory
strategy whereby the torso is stabilized with a coacti-
vation pattern consisting of torque production from the
erector spinae and from the external oblique.

The third subject initially showed a strong coacti-
vation pattern between the right erector spinae and left
external oblique. As can be seen in Figure 4C, however,
with increased task experience, the sizable torque con-
tributed by the external obliques and the minimal torque
contributed by the rectus abdomini all significantly
decreased. The resulting preparatory strategy was dom-
inated primarily by the ERSR.

The fourth subject’s preparatory muscle responses
resulted in torques generated by the left and right erector
spinae, the rectus abdominis, the right internal oblique
muscles (Figure 4D). Of these muscles, only the acti-
vation of the ERSL did not significantly change over the
course of the experiment. Specifically, with more task
experience, the ERSR and the IOBR were significantly
increased while the RABR and the RABL were signifi-
cantly decreased in their activities.

Preparatory IAP

The use of IAP during the preparatory period was not
observed in all subjects. Subject 1 decreased the extensor
torque contribution from the IAP by 48%0 with increased
task experience. Unfortunately, in Subject 2, the change
in IAP could not be assessed because of the unavailability
ot this dara from the subject’s final dav of resting. Both
the third and the fourth subjects showed a negligible AP
response in both data collection sessions.

Preparatory COG Displacements and Lumbar Postural

Changes
Measures of COG displacements and lumbar postural
changes were obtained from the force platform and the
LMM, respectively. Subjects 1, 2, and 4 showed no COG
or lumbar displacement of any significance during the
preparatory period. Subject 3 did initially shift his COG
away from the loading. With increased task experience,
however, this behavior was discontinued (F = 4.58, df =
1,26, P < 0.05). In both the initial and final experimental
sessions, Subject 3 did show between 2.5 and 3° of lumbar
extension before the loading. The disappearance of the
COG displacement during the final session suggests the
subject started bending his knces, thereby bringing the
body's COG back to the original position. Likewise, the
anterior muscle response seen in this subject’s initial
session, as perhaps a means to accommodate the COG
shift, was discontinued with task experience.

Sudden Loading Results
The development of preparatory strategies were hypoth-
esized to minmmize the postural disturbance during che
sudden loading. With increased rtask experience, only one
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Figure 4. Preparatory muscle torques for Subjects 1-4 (4a-4d, respectively). Statistically significant differences are indicated with a “*"

{P < 0.01) or a "**" {P < 0.001).

subject decreased his body’s COG displacement during
the loading (Figure 5). Subjects 1, 3, and 4, however, all
displayed less of a disturbance in trunk posture in
response to the sudden loading (P < 0.001 in all cases).
Figure 6 shows the trunk flexion during the loading was
reduced by 40, 26, and 47%, respectively. The second
subject showed no significant changes in his torso flexion.
The whole-body COG data provide information with
regards to the trade-off between the use of lumbar flexion
and hip flexion during the sudden loading. For example,
Subjects 1 and 4 while showing decreased trunk flexion
maintained a constant level of COG displacement. This
suggests the lumbar flexion was replaced with hip flexion
in these subjects as task experience increased.

The Marras and Sommerich model?! was used to
calculate the compressive forces acting on the spine due
to muscle activations. From Figure 7 it is apparent that
all subjects reduced the compressive loading on the spine
during the sudden loading. The range of these statisti-
cally significant decreases (P < 0.01) was berween 12%
and 29%.
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Figure 5. Peak forward COG displacement during the SUdf’?
loading for each subject as a function of the experimenta! 'stgo (‘
Statistically significant differences are indicated with a * (
0.01} or a “**" (P < 0.001).
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B FiRST DAY

B FiNAL DAY

3
SUBJECTS

. 8. Sagittal lumbar flexion during sudden loading for each
‘ghject as a function of the experimental session. Statistically

nt differences are indicated with a “*" (P < 0.01)ora
# (P < 0.001).

§ Discussion

19

fm results of this investigation demonstrate the role of

* task experience in allowing each subject to develop an
adaptive preparatory response strategy for handling the

© periodic sudden loading. Although there were individual
differences with regard to the strategy employed, most
subjects developed strategies through repeated exposure
to the experimental task that were successful in de-
aeasing th .'wseabilization of the torso. In addition, all
subjects deveioped strategies that reduced the muscle
forces compressing the spine during the loading. Across
subjects there were distinct qualitative differences as to
the Preparatory strategy employed, however. These
differences, in addition to the changes within each
subject, will be discussed along with possible facrors
&counting for this variability.

S_ubjcqs were presented with a sudden loading at
'l-mlqute intervals. Across experimental sessions, sub-
K<t improved their ability to estimate approximately
Wh;n the weight would fall, thereby missing fewer of the

ling weights. More importantly, subjects reliably
Prepared for the loading before the event itself. The
Emergence of 5 steady state during the preparatory phase,
With regard to the development of muscle forces, was an
Unanticipac t result. Data from operant conditioning
Studies using avoidance paradigms typically show in-
i::::::l [esponse rates near the end of fixed time
incres, - A similar trend, for exgn}ple, a monotpmc
"Caredcthm muscle force, was an{:cnpated as sub!ects
Weng e ¢ onset of the sudden lgadmg. Instead, subjects
Clevagey 01 ready state in which mlfscle force's were

.t is stat‘ »-'x_cssenuall).' constant. Subjects remained in
¢ winl the loading occurred.

SCSsiorel fmergence of a preparatory state f‘Juring the first

xpecr, lndlcates how qun;kly we begin to de.vclop

c anic;ll;cxes and adapt our internal responses to biome-
Y stressful situations. In fact, the muscle re-

COMPRESSION IN NEWTONS

3000
R FiRsT DAY

B FinaL DAy

SUBJECTS

Figure 7. Peak compression values for each subject computed
with the Marras and Sommerich model {1991) as a function of the
experimental session. Statistically significant differences are
indicated with a “*” (P < 001t ora“** (P < 0.001).

sponses observed during the preparatory periods in the
initial session were considerably above resting values. All
subjects were observed to pretense their muscles!’ in
preparation for the sudden loading. The muscular
preparatory strategy, which differed across subjects, can
be described by two parameters, the total muscular
torque (TMT) and the proportion of anterior muscle
activation (AMA). The TMT gives the overall intensity of
the muscular preparation while the AMA describes the
relative coactivation of the anterior musculature. Be-
cause the sudden loading biomechanically works in
opposition to the posterior muscles, the anterior muscles
are considered to be the muscles that are “coactivated.”
Under these circumstances, the anterior muscles are
considered to control the torso motion by resulting in
increased posterior muscle activation and a stiffened
lumbar spine. Table 2 shows the TMT for each subject
across experimental sessions as well as the AMA for each
subject. Although differing in their initial torque values,
Subjects 1, 2, and 3 initially had very similar coactivation
as determined by their AMA. Even during the final
session, 3 of the 4 subjects showed AMA values clustered
between 32% and 43%. The sensitivity of these coacti-
vation indices in terms of stiffening and stabilizing the
torso, still needs to be determined, however.,

The use of postural changes to offset the subjects’
center of gravity away from the loading were essentially
nonexistent in the final data collection session. Only the
third subject showed a rearward COG displacement
during any of the sessions. Although this was discon-
tinued with more task experience, this subject did
continue to extend his torso away from the loading in the
final session. The absence of this preparatory response,
which has been described in the literature,® is best
explained by the nature of the experimental task.
Subjects were required to keep the buckert directly under
the chute through which the weight would drop.
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Table 2. Total Muscular Torque (TMT} in Newton-Meters
and the Anterior Muscle Activations (AMA) as Function
of Experimental Session, Initial or Final

™T AMA
Subiject Initial Final Initial Final
1 17.81 17.73 0.37 043
2 9.55 8.46 0.38 0.73
3 6.03 494 0.58 0.32
4 .25 8.05 0.39 0.36

The AMA is defined as the ratio of the anterior muscle torqus to the total muscle torque.

Therefore, any rearward shift in the torso or the whole
body must be accompanied by an increased extension of
the upper extremities. Such a strategy would have two
adverse effects. First, any further extension of the arms
would increase the external moment generated by the
falling weight on the lumbar spine. And second, the
shoulder complex would now be under increased stress.

The third preparatory response hypothesized to be
active under these sudden loading conditions was IAP.
Recordings in two of the four subjects showed IAP was
not even a measurable quantity. And although two
subjects showed moderate high torque values from their
IAP in the initial session, data are only available from one
of these subjects during the final experimental session.
This one subject did continue to develop moderate
extension torque with IAP during this final session. In
general, however, the IAP data from the current exper-
iment do not appear to support hypotheses that suggest
that IAP functions as a preparatory mechanism.

These preparatory response strategies were hypothe-
sized to aid in minimizing the postural disturbance and in
reducing the spinal loading during the periodic sudden
loading. Although little change was seen in most subjects
with regard to whole body displacement, the postural
disturbance to the lumbar region was generally reduced
with increased task experience. Table 3 gives the mean
torso flexion values for both sessions and the ratio of the
final to the initial session. Averaging across the four
subjects, the torso flexion during the final session was
78% of the initial value. The one subject showing a small
increase in trunk flexion showed only minimal flexion
during the initial session. Changes in the computed peak
compression values indicate that all preparation strat-
egies were successful in reducing the loads transmitted to
the spine during the sudden loading. Looking across
subjects, the compression in the final session was between
719% and 88% of that computed during the initial session,
with a mean value of 82% (Table 4). Both of these
quantities indicate that sudden loading was better
handled by the subjects with increased task experience.

The variation in operating modes could be attributed
to several factors. Anthropometric factors, such as
differences in body mass, lower arm length, and trunk

3

Table 3. Lumbar Flexion During the Sudden oag; 8
Degrees Between the Initial and Final Data Cqy "
Sessions and the Ratio of the Final Session tq
Session Values for Each Subject

Experimental Session

Subject Initial Final

1 6.59 3.96

2 417 5.21 ;
3 12.40 9.15 4
4 9.64 5.09 :
Mean . 820 5.85 31
SD 358 227 |
Table 4. Peak Compression Values in Newtons Dying
the Sudden Loading Computed Using the Marras a b

Sommerich {1991) Model

B
Experimental Session ¢

Subject Initial Final

1 2674 2356 0588

2 2159 1704 on

3 1494 1066 (Mg -

4 1742 1526 -

Mean 2017 1663 2k

SD 517 535 0.08 8

Data from each subject for each of the data collection sessions as well as the ' :
the final session to the initial session (FA) are presented. - -

dimensions could be expected to account for some of thif
variability seen across subjects. For example, the differig
ences in muscle torques is partially a function of the torsiggt
dimensions as these were used to predict the momentgs
arm lengths. Handedness was considered as a potentiad
explanation for the asymmetry observed in some of thé
muscular preparatory strategies. This sample, even whilg
quite small, did not support this explanation. <
In summary, it should be noted that each subj
developed a preparatory response strategy that allo
them to better cope with the sudden loading. U
previous research in this area, the current work hi
demonstrated the role of experience in the developmes
of expectations and preparatory responsc SIratcgiées
Based on this experience, the subjects were able. o
develop behavioral strategies that protected them "'v
the apparent hazards of the task. Likewise in industrify
tasks, experienced employees will have developed theit
own behavior strategies for coping with their O¥
workplace hazards. Training procedures aimed at i3
creasing the learning rate for the safer response str?fc_ﬂ'
would likely prove unsuccessful because of the \-anapl £
in strategies observed even in this simple task. Tra!
that focuses on the information necessary to devel‘k
adequate preparatory response strategies could Pfov-‘
beneficial. Additional research is needed, howeveh

ng]
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sine the effectiveness of such training. In sum, the
f engineering controls, where the workplace is
crured to reduce the likelihood of sudden loadings,

1 be stressed.
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