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n neuromuscular acuv»atlon pattems assocxated wrth movements made in mrcrogravrty"i ‘

Numerous authors

arm movement, '. T
movement and ; gene
base of suppon du \ :
the APA can be adapted rapidly when the postui'al support requirements are altered?*‘ For exarnple,*'
the latency and/or amphtude of the neuromuscular activity of the postural muscles may be -

modified and, m certai tances, even ehmmated in response to changes in the 1mua1 support
condmons.

Suppor conditions on theAPA assocrated wrth rapid 4rm movement: If the
0G a o iions in'the APA -

the loss of tonic, actwa 'in the anngravxty extensors ‘muscles.” “The’ absence of’ normal
anticipatory postural muscle actmty may further enharice the degree of muscle’ atrophy experi~
enced by the antigravity muscles and comnbute to postﬂrght postural mstabxlmes During arm
movements made in unit grav“ty:, sensory mput ‘from the soles of the’ feet isdlways available to the
perceptual-motor syste"_ i, Foot sensory input ordinarily’ sr'grlals that gmund reactioniforces, which
contnbute to the regulation of the COG, ‘will be generated in response to postural musciilar forces.
The percepnon that useful’ ground reacuan forces are avmlable to: assist in posrural control-may
be crmcal for the ’pressron of” the AP pnor o ‘arm ‘movement.  For instance; Clement ‘et al.

vhén cos! nauts aboard thie Mirs space staudn were: stmpped -at their feet to'the
support Surface; the APA was observed | prior to arm movement. Conversely, the APAis absent
when the functional utility of the reaction forces are minimized by strapping a subject to'a wall,
thereby __ehm_manng ,anvt_venor-postenor.sway, Suc_h evrdence pomts to the fact that the motor
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control system can utilize available sensory information to formulate an effective response to a
specific situation. However, it has been demonstrated that certain patterns of sensory input can
result in perceptual assessments which persist despite the subject’s cognitive awareness that the
perception is incorrect /4/. These findings suggest that in the absence of other sensory inputs, foot
input alone could trigger the expression of the APA prior to arm movement. The purpose of this
investigation was to determine if the APA was present prior to arm movements made by
freefloating subjects in microgravity and to assess the effect of foot sensory input during such
movements. The investigation was divided into two series of parabolic flights aboard NASA's
KC-135 aircraft.

METHODOLOGY AND RESULTS

Experiment One . In the first series of experiments, three volunteers, informed of their rights as
subjects, performed rapid, self-initiated right arm shoulder flexions. The neuromuscular activity
of the right anterior deltoid, left biceps femoris, and left paraspinals was monitored with the use
of surface electrodes. The time of movement initiation was monitored by using a microswitch
attached to the subject’s hip. Prior to arm movement the medial boarder of the hand was used to
depress the switch and a change in the circuit voltage signaled that the hand had left the switch.
The EMG signals were bandpassed (20-250 Hz), digitized at 1 KHz, and stored for off-line
analysis along with the hand switch circuit signals. Twenty baseline trials of arm raises were
performed priorto data collection aboard the KC-135. During the microgravity phase of parabolic
flight, the subjects were freefloating with the signals being transmitted to a pulse code modulated
VCR recording device through a 15' flexible cable. The subjects assumed 2 stable body
configuration for approximately two seconds prior to each movement in order to insure stable
baseline EMG measures. Depending upon the quality of the parabola, subjects were able to
complete between three and eight arm movements per parabola. Twenty parabolas were devoted
to the experiment and 134 arm raises were performed. Baseline recordings of raw EMG confirmed
previous reports /5/ of paraspinal and biceps femoris neuromuscular activity preceding arm
movement. During movements made in microgravity, anticipatory paraspinal activity was
present in 98% of the trails while anticipatory biceps femoris activity was absent in 75% of the
trials (Figure 1).

The elimination of the biceps femoris activity occurred on the first trials performed in weightless,
indicating the change in neuromuscular activation was not the result of a leaming process. The
consistent elimination of anticipatory biceps femoris activity during freefloating arm movements
contrasted with Clement and his colleague’s /1/ findings of a persistence of anticipatory activity
when subjects where strapped to the support surface in microgravity. Therefore, a second series
of flight experiments were conducted aboard the KC-135 inorderto determine what effect sensory
input from the soles of feet would have on the APA during freefloating movements.

Experiment Two . The data collection procedures used during the second series of parabolic flight
were identical to the first series with two exceptions. During the second series the ipsilateral biceps
femoris was also monitored and during some parabolas foot sensory input was provided by the use
of a hamess of bungy cords and slippers attached around the subject’s waist. During movements
made with the addition of foot input, vision was eliminated with darkened goggles. In order to
assess the effect of vision on the APA, a number of freefloating movements were made with only
the goggles applied. Twenty trials in unit gravity were performed while approximately 20 trials
were performed in each of the microgravity conditions.

In comparison to the first experimental subjects, the subjects in the second series of flights were
less successful in producing quiet EMG baselines, particularly during the movements made in the
absence of sole sensory input. Therefore, instead of analyzing single trials, the EMG data from
the second series of flights was averaged (relative to movement onset) in order to discemn the
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Fig. 1 Smgle tnal EMG record of neuromuscular acuvanon pattem of the. antenor deltoid (-AD)

contrdlateral parasprnal (CPS) and “Contralateral wbxceps femoris. (CBF)-associated- with: arm
flexion dunng movements made in unit gravity and in microgravity. Vertical line, indicates arm
movement xmuatlon “Note the absence of the anncxpatory CBF acnvny dunng movements made
In mlcmgravuy ' o JETTART ML
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brceps femons prior to arm movement Anncrpatory ipsilateral biceps femoris ity Was also
present. Durmg movemean made in mxcrogravny, Lhe contra.lateral biceps femon acu i

Dunng freeﬂoaung movements* whrch mcluded foot: sensory mput both subject's' d1 'played -
anncrpatory 1psﬂateral blceps fernons acnvrty '

DISCUSSION

need for space neurophysrologlcal researchers to focus, not only on the agom d'a antagomst
muscles involved in a task, but on the more peripheral neuromuscular components. of movement.
Complete absence of postural neuromuscular activity normally associated with' arm movements
will contribute to the muscle atrophy expenenced by space travelers -

The mixed findings from the second expenment serve as a reminder that individuals are umquely
impacted by microgravity. The fact that one subJect drsplayed anticipatory 1ps11atera1 ‘biceps
femoris activity during freefloating conditions without additional sensory mput modrﬁcanons
makes it difficult to interpret-the.finding.that-both subjects displayed this anucxpatory activity
during movements made with additional foot sensory mput Athough BK was our lone female
subject, there is no hypothesis, a:priori,.which would predict females to dxsplay anticipatory
postural neuromuscular activation pattems different from males. Both our subjects were
reasonably proficient athletes, possessed healthy cardiovascular fitness levels, and were first time
flyers, leading us to believe that the differences could not be attributed to either experience or
fimess level. It may be that the neuromuscular components of the postural synergy responsible

for the APA were more tightly linked in BK and therefore less adaptable during the short periods
of weightlessness.
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Fig. 2. Averaged EMG records of anterior deltoid (AD), contralateral paraspinals (CPS) and
contralateral biceps femoris (CBF) and ipsilateral (IBF) associated with arm flexion during
freefloating arm movements and freefloating arm movements with sensory input to the soles of
the feet. In contrast to subject RG, subject BK displays anticipatory IBF activity during

freefloating movements while both subjects display this activity during movements made with
additional foot sensory input.

The presence of anticipatory ipsilateral biceps femoris activity during arm movements made with
additional foot sensory input indicates that this input may be heavily weighted by the perceptual-
motor system in the absence of other reliable sensory inputs. Since foot sensory input is normally
interpreted as meaning that the feet are in contact with a support surface capable of providing
ground reaction forces, our subjects may have produced APAs consistent with such an interpre-
tation. The idea that our subjects relied on sole sensory input to obtain information about their
environment, despite their cognitive awareness of the unreliability of theint.  nation, is consistent
with the findings of Lackner and Graybiel /4/. These authors reported that when otolith input is
minimized, pressure and touch receptors determine orientation and that the pressure cues can not
be disregarded despite the cognitive awareness of the cue’s inappropriateness. The present
findings, although preliminary, suggest thatthe perceptual motor system’s properties of adaptabil-
ity can be taken advantage of by careful manipulation of sensory inputs to produce a full range of
neuromuscular responses in weightlessness.
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