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SUMMARY AND CONCLUSIONS

I We c<tndied the extent to which antn-
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of central motor programs Subjects stood on

ment strategies to compensate ior the same
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Z. Exposing subjects standing on a normal
support surface to brief forward and backward
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muscle activation with 73- to 110-ms latencies.
Activity began in the ankle joint muscles and
then radiated in sequence to thigh and then
trunk muscles on the same dorsal or ventral

ioints. which restored eanilibrinm bv moving
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egy because it restores equilibrium by moving

the body primarily around the ankle joints.
3. To successfully maintain balance while

standing on a support surface short in relation
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activity differently. The trunk and thigh mus-
cles antagonistic to those used in the ankle

strategy were activated in the opposite proxi-

mal-tn.dictal ceanence whereae the ankle
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Adantation to Altered

muscles were generally unresponsive. This ac-
tivation pattern produced a compensatory

harizantal chear farce acainct the cinnnart enr_
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resulting motion is focused primarily about

perturbations while standing on support sur-
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were executed with combinations of torque
and horizontal shear forces and motions of

— e eeaD vemw mmamv v v paeeevave vassvan aana

medlately following changes from one support
surface length to another, response latencies
were unchanged. The activation patterns,
however, were complex and resembled the

the course of nractice. the relative amnlitndes
alld uImnng ot uie dinkic and nip sitralcgy Coi-
6. Our results have demonstrated that sub-
jects can synthesize a continuum of different
postural movements by combining two dis-
tinct strategies in different magnitudes and
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not only by the current support-surface con-
ditions but also by the subject’s recent expe-
riences. These observations are consistent with

the hunnthecic that nnetiiral acrtinne are nroa-
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anrface (firet line in Fio S4) an activation
p4auern  CONSISICNL WILN UIC AIKIC SUAlcgy
(hamstrines component shown) is followed
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component of the hip strategy pattern oc-
cnrred hoth hefare and after the hamstring

COmponcnt 01 Ui dnkic Strdicgy. Dy Uic Cigiil
trial, all traces of the hamstrings activation was
~rnn nnAd A nianla Anvadeinane antisintiAan A~
curred 55 ms earlier than 1t did 1n the first two
trials.

Following shift to the normal surfaces, the
progression of activation pattern changes dur-
ing transition from pure hip to pure ankle
strategv following shift to the normal surface
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nant nf tha hin ctrataau nattarn harama nra_

gressively smaller. By the eighth trial, all traces
of hip strategy components were absent, and
the hamstrings components of the ankle strat-
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at 1€ Irom subject 4. A:

F. B. HORAK AND L. M. NASHNER

eov nattern acenrred AN me earlier than it did
auring e nrst uldl.
In eeneral. we found that seauential practice
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strategy pattern tended to change in propor-
tion In contrast the relative timino of indi-
viaudl muscCiC responscs wilnin Compicx pdl.-
terns tended to change abruptly between in-

tavdinitntad anAd camsian 41al

constraining the complex patterns seen to a
limited number of distinct combinations (see
Figs. 3 and 4).

To illustrate the abrupt nature of timing
changes, we measured the interval between
gastrocnemius and hamstrines onset while ex-
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ure 6 shows a distinctly bimodal distribution
of intersegmental delays between 0 and 200
ms. The two characterizations above the his-
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wransiuon Irom compi€x ankie/nip strategy in early triais (<, J, J) on snort surtace 1o pure



CENTRAL PROGRAMMING OF POSTURE

togram illustrate the distinct interdigitated and
complex pattern, magnitudes of muscle com-

Mechanics of nure and comnlex strategies

traiectariee can he oenerated hv comhinine

pure anki€ ana nip strat€gi€es. 10 11ustrate tnis
nrincinle. movement traiectories associated

in ankle (vertical axis) and hip (horizontal axis)

puvdliuvil spave (1 15. 7). 11V VIIRILl V1 WV pu~

nositions of the bodv. i.e.. those nositions in

Tha maAwvamant traiantariac aanaratad hu

pure ankle strategies (hlled circles) curve
clichtlv tn the richt while mavino taward the

ongin on a patn Clos€ly parali€ling th€¢ ankie
inint axis. Rightward curvature is caused hv a
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ioint rotations in traiectories associated with
rotations. These hip strategy trajectories ter-

€nces In 1rajectory Orientaton and lengin,
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the ankle and 105-145 ms for the hip).
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hv the nure anlkla and nura hin ctrataoyu tra_

(EMU recoras in rig. 3) proauced a trajectory

nanerect eanilibrinm nogcition reached in thic

INSWNCE WAS approximartely one-tnira oI tne
wav hetween the origin and the nosition
reacneda vy uiC purc mnip siurdiegy movement.
In other instances. comnlex natterns com-
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