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Sponse 6;'changes in v1sual target dlstance durmg postﬂlght

the subject’sd:e;es.{”Eiectféni'c foot §witch 84t and surface ei%tir&@béﬁﬁhy were collected from =
selectéd Tuscles Of the Hgit lower Tifmib, Results indicate that'the phasic featurés of newfornisctlar”
activation were moderataly affected anid the rélative amplinidé of activity in'the tibidﬁé"aﬁteri‘ﬁifﬁﬁ‘d"'
rectus ferrioris arouind toé off changed ‘ahter’ space fhght “Chianges also were evident’ dftér space

Cehagere oo

ﬂlght in iow these miusclés adapted to the Shift in visal target distance.
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INTRODUCTION

During the:36 years of humans:space-exploration, very few investigations have focused on....;:.
quantifying the effects.of weightlessness onumanJocomotion after return to Barth. Early reports

from both the U.S. and Russian space programs documented a vanety of locomotor problems that

Chnier P I T “ )

“‘_5’ i

generally {’vere related to loss ot bbrpedal stabﬂlty [1.2]. Retummg crewmembers compensate for

iwn-,..m.t ,.,r.'..,_ 4 . v e ey
LA

the potential loss of stablhty by adoptmg a W1de hase of support, takmg shorter strides and using

therr arms more than they did before ﬂrght Although these adaptatlons serve to maintain stablhty,

> ¥
B m; LA ?‘53‘, L ’h,p;\"

walkmg speed is reduced and more steps are needed to ocomote a spemﬁed drstance Recently,

. s
(SN 5] iEinAT

our laboratory conducted a comprehensrve mvesuéaﬁon desrgned to assess the effects of space

walking.

Previously we reported alterations in head-trunk coordination and variations in lowerimb .. . ..z .

| kinematics during | treadmﬂl walk.lng,»

gk

pamcularly around,the behav1oral events of toe off and heel

JERERE LIS

Rioes

neuromuscular A

tflight tr adrmll walkmg

?”?”' Qe 150

activation charactenstlcs )fﬂthe lower, hmb during Pos

gaze ata visual target, ,W e were, al o;mt

ested in the degree of lower

RIS BETN ,,\LLe

activation response, adaptab'hty and h W, space fh ht would affect th1s adaptabrhty By

e S

hmb neuromuscular .

il

manipulating visual target drstance,_ whlle mamtatmng a constant treadmill belt speed we subtly

YA B ,‘».v?

modified the task constramts to. detenmne if subJects modlﬁed _thelr lower hmb_neuromuscular

MR “ AR

activation features in response to varymg target dtstances. An rndex of adaptablhty was calculated

ut AN

to quantify the degree of adaptanon in, neuromuscular actlvauon when vrsual.target d1stance was

changed and preflight-to-postflight differences were examined to-determine if space flight :irnpac‘ted

the ability to adapt neuromuscular control features.
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METHODS
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Seven rnale astronauts/cosmonauts mean age 44 7 (SD 6 9 ) years who ﬂew aboard the C

SR L

Russ1an space statlon M1r for 3 to 6 months served as subJects for th.lS 1nvest1gauon Each subject

M1 b 3033,

provided informed consent, as required by the NASA Johnson Space Center Insntuuonai eview v

Board. Subjects had no history of neurological or musculoskeletal disorders and all had previous

space flight experience, either aboard the U.S. Space Shuttle or aboard Mir.

$o TR E et L T

'nons 1nvolved sub'

Earth-ﬁxed  target (@ hght ermttmg dlode) that was posmoned in the center of v1ew at the»subject s
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Subjects walked at a fast pace (6 4 km/h) ona motonzed treadmﬂl (QumtonTM Senes 90 Q55

Rk e ye:

surface.area 51 cm x 140.¢
PAes ,‘,é‘\,-.‘:,,' A Eg 153

While walking, the subjects wore a safety hammess that was

suspended from.an overhead frame adjusted to accommodate each subject's height. The harness

did not interfere with limb motion and provided no support unless the subject’s trunk was

displaced at least 15 cm downward; this displacement also activated a treadmill “stop” switch. A

spotter was positioned next to the treadmill during testing. No subjects fell or needed assistance

from the harness or the spotter during testing.

e

Subjects wore shorts sleeveless shn'ts, athlenc socks, and runmng shoes durmg testmg

5

Pxezoresmtwe force:transducers were taped to the heel and toe of the right and left shoes. The

signals from the force transducers were used to identify the heel strike and toe off pomts dunng
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each trial. Pre-amplifier electrodes were used to record surface electromyography from the nght

rectus femoris (RF), biceps femoris (BF), medial gastrocnemius (MG), and tlbla.hS anterior ('I‘A).; ’

After the skin was cleansed with alcohol, the electrodes were placed on the skin over the belly of

the muscles. The electrodes were secured to the leg w1th hypoallergemc tape and covered thh

nelt Srimacs ¢ e

")1 Jf“ R

sniedyas 5 s .
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500 Hz and storeo for future analysrs.
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Data Reduction

The raw EMG output was high-pass filtered (30 Hz) full-wave rect1ﬁed and smoothed with a 15

ms time constant. For each subject and condition, approximately 40 individual strides, from right

S legi 4

ata by averagmg the amphtude f each“ et

;:n-'wrn feH!

SRR R ) ) o7 sernecen G s Bl e
onis was 950ms,e ch?ep\och a. An individual =

T SRS »m fay

SD) was

NEAR target coiidi

scaled values less than 1 indicate activation amplitude less than the mean, and scaled values greater

N P PR
H )

The following techniques were applied to each muscle actlvatlon wavefoxm for each subjeet To

determine whether ’ space flight modrﬁed the phasrc features of neuromuscular acnvanon w1thm a

‘,.:.v.,..‘..r

e Loy

postﬂlght waveforms Potennal ehanges in relatlve amphtude between preﬂ1ght and postfhght

iHY
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activation waveforms w1thm v1sual target condmon, were determmed by subtractmg the preﬂlght
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waveform values from the postflight waveform values at each epoch. Student # -tests assessed
potential preflight-to-postflight changes in relative amplitude at each of the 20 epochs. Cgef_ﬁcients

of variation (CV) were calculated across the wavefoxms to quantify the ainount of variabi]ity in

}
activation-before vs. after ﬂigh'g.

Student t-tests were used to evaluate. potential.preflight vs. postflight differences in the adaptability

indexforeachepoch . ...~ . .

. G e e s e it LIS et GO0 B B D) el
Preflight Versus postflight stride times were evaluated Wwith a repeated measures analysis of
variance (ANOVA) to determine whether space flight affected the temporal characteristics of gait.

An alpha¥alue £ 0:05"Wis adopted for all' statistical estesr v - 5 w0 ia e s

e By H35 i . v i FEIE) ¥,
F1gure 1 illustrates the preﬂlght and postﬂlght group mean stnde tunes ‘within each v1sua.l target
distance condition. There were significant postflight decreases in both the FAR and NEAR

conditions compared to preﬂlght valods- Howeverthess decroasss wers' iqiite small; 3 7% and

2.6% for the FAR and NEAR cond1t10ns respec i _ely The present fmdm . should be mterpreted

in light of the:fact'that representatlves.of the tréaditiill taniifactirer mdlcated that treadmill belt

speed could vary up.to 5% across data collection sessions. et e

i

Pearson r values that reﬂect the degree of correlanon between the preﬂJght and postfhght activation
waveforms within a v1sual target condition, are shown in Table 1. Elghty percent of the
comparisons in the FAR target condition, and 92% of the comparisons‘in‘the NEAR target -

condition, had a coefﬁment value of 0.81 or greater. These high correlatlons indicate that space

flight had little effect on the phasic features of neuromuscular activation within a parﬂcu]ar 'visual

target condition. dunng treadmﬂl walkmg Thus; when the muscle is active or ina¢
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Figure 1. Group mean (plus one SD) preflight and postflight stride times for FAR and' NEAR

visual target distance conditions. *Significantly different after flight from before, p: 0 5.

2SN N LR AT 4

percentage of the gait cycle did not change as aresult.of space flight. However, there were. .. . .

significant pre- vs. postflight changes in other measures of neuromuscular activation.

Figures 2 and 3 illustrate the mean normalized amplitude-difference values between the i);eﬂight

and postflight activation waveforms for each muscle, at each epoch, for the FAR and NEAR target

Pledddhay A

Y Réctus  Biceps  Medial Tibialis
+ isiear o Femors. - Femoris Gastrocnemius Anterior Total Percent.
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Normalized
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Figure 2.~ Preflight-to-postflight: change_,sﬁn activation amplitude (group:means)-at each epoch of
“thé paiticyele for'the FAR target-condition:(bars).- Values greater-than zeroiindicate that amplitude
wis greater aftéP flight than before; *Significantly different fromupreflight, p<0.05. Heel strike.
afid toe off are signified'by + and #, respectively. Mean-activation waveforms.also-are shown for

before flight (solid line) and after flight (dasheddine). ««: .-~
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Normalized
amplitude

Ampiitude délta .
Ndr\m“'é'lized
amplitude

Normalized
amplitude

Amplitude d_‘{\eklté“ )
Normalized
amplitude

+

.

Figure 3. Preflight-to-postflight changes-in activation amplitude (group means)-at each epoch gf :
the- gait'cycle forthe: NEAR target:condition-(bars). Values greater than zeroindicate that amplitude
was grcater"-aft'e‘r*ﬂi ght than before; *significantly. different fromepreflight; p-<0.05.. Heel strike
and toe off are-signified:by + and-#, réspectively. Mean activation, waveforms also are shown for

before flight (solid line) and after flight (dashedline)... .
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conditions, respectively. The mean preflight-and postflight activation-waveforms-have been Lo

mcluded in the ﬁgu.res to facilitate evaluatlon of the pre— vs. postflight amphtude dlfferences. For

P

muscle is essenhally.mac

mlportance e1ther froma motor controlor functional perspective. For both visual target

S i

condmons, sxgmﬁcant differences in activatlon amplitude were seen in the RF and TA around toe

ks

off. The RF also showed s1gmﬁcant differences around heel strike in both target conditions. No

5

2 & Vi '
Preflight and postfhght mean coefﬁcwnts of variation: for each muscle and target»con

sw

system was more vanabl,e in it’s generation of RF neuromuscular activation aftef'§pace: ﬂ1ght
i & - . - A LT :
w® hd !

Group mean preflight and postflight adaptablhty index values for each muscle, for each epoch are

. shown in Flgure 4. The neuromuscular response of the BF and MG to the change in target &7

é%aﬁie 2: Preflight and postflight COefﬁments of variability.
(Cvs) for all muscles and both visual target distance conditions

o _,,Preﬂi__ght Postﬂlght .

R

B1ceps Femons .
Me dl‘al Por R RS

RTINS

PR A Y

: Réctus Fernoris

e, wit . ow oo DicepsHemonis, . oo
- Medial Gastrocnemits

Tibialis Anterior
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greater in the NEAR condition than i in'thé FAR condmon *S1gmﬁcantly different after flight from
before, p< 0.05. Heel strike and toe off are signified by + and #, fegpq’g;’i\“iéiy. A representative
activation waveform for eaci muscle has been included to faéilitéte thé evaluation of the pre- vs.

postflight differences. ~ - -



This 1nvest1ganon was des1gned to deterrmne whether long—duratlon spaee ﬂ1ght mﬂuencea the
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to the change in target distance differently after flight: ,;befof_.@:ﬂigh& acUVanggamphtude was .,

greater-in the NEAR target condition than:inthe FAR; after flight, this-pattern-was reversed. /The -

. respotise of-the TA-to'a change'in target-distance also was affected:by space flight:~During:themid.-

to late switig:phase of 'thei*gai't»c‘y‘c:le}i':the<adaptabilitytirtdex:for the TA:changed:. ‘before:flight, ..

activation‘amplitude wasiess‘in the NEAR condition than-in:the[EAR; after flight; this pattern-was- -

reversed. T DRI SR N STRRT S M IR T AN g ~‘!
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neuromuscular-achvauon features that supported effectwe treadxmll walkmg However, two

muscles (RF and TA) msplayed 51gmﬁcant postfhght changes in relauve act1vat10n amphtude

5o ‘
T Gt hosdinnen ::nmm

A'i‘ 5* 3 Eu‘a 2:'4“‘“ R & " 3 . ,4 55
space ﬂlght except in the rectus femons. Our fmdmgs are con31stent with prev1ous reports [5] of
s ke Y

SRS mmza 2

that are adequate for locomotmg on‘a motonzed treadrmll {4, 5]
4T = 5 0% Beramado sh o uso

12 EmnRATT BT A

changes were presént oftén when the muscle was“quiescent” (e.g., ‘thé t'1bxal'1s- aritérior durmg rmd
to late stance [Figures 2 and 3]). Changes in relative activation amplitude probably would be

F gt

functionally significant only during those phases of the gait cycle in which the muscle is actrve

(e.g., around toe off for the rectus femoris and tibialis anterior [Figures 2 and 3]) These changes

in relative amplitude, particularly around toe off in the RF and TA, suggest that exposure to

b nadl Y

n. The postfhght changes

r\,

neuromuscular ACHV;

atihn

‘y Aproduce subtle’ c’hanges

i ‘\L\*(

e off are « con31stent'

Bt irons@ 8 B0V, Bt i
ith prevxou‘s reports that brict space

flight affects the activation features of the RF and TA arourid toeoff[ ];f The arge ség
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energy transfer that occiirs during toe off requires éffective neuromuiscular control if hip:and trunk -
stability are to be maintained-while the toe adequately:clears the support surface.;;Although none of .
our subjects tripped while:performing this task, some toe-scraping was present.during.postflight
treadmill locomotion, which-may hayve been related ;:t_o the changes in activation ehg:qg;g@gﬁcs, _ A' .
around-toe off. During/overground:locomotion, failure to achieve proper toe.clearance would-

result in tripping, which would increase the risk of postflight injury to the crewmembers.

The adaptability index reflects modifications in neuromuscular-activation features i in response to a

i

shift in visual-target distance during treadmill walking. Significant preﬂlght-to-postﬂlght changes

in this mdex suggest that Sspace flight affects how subjects adaptively respond to changes in task

o Jv\i L W?' hd”;i“‘ & OB Ty

7 By
FHES T

then the mdex would equal Zero across the 20 epochs.
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138,17 En"’
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least for some muscles durmg certam phases of the gait cycle. The fa;llure of postfhght

neuromuscular responses to adapt in a manner s1m11ar to that observed for preﬂlght responses may

reﬂect amore generahzed deﬁc1t in the ablhty to respond to changmg envn'onmental condmons
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