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Abstract Multivariate descriptors of sway were used to 
test whether altered sensory conditions result not only 
in changes in amount of sway but also in postural coordi- 
nation. Eigenvalues and directions of eigenvectors of the 
covariance of shnk and hip angles were used as a set of 
multivariate descriptors. These quantities were measured 
in 14 healthy adult subjects performing the Sensory Orga- 
nization test, which disrupts visual and somatosensory in- 
formation used for spatial orientation. Multivariate analy- 
sis of variance and discriminant analysis showed that re- 
sulting sway changes were at least bivariate in character, 
with visual and somatosensory condtions producing dis- 
tinct changes in postural coordination. The most signifi- 
cant changes were found when somatosensory informa- 
tion was disrupted by sway-referencing of the support sur- 
face (P=3.2.10-lo). The resulting covariance measure- 
ments showed that subjects not only swayed more but also 
used increased hip motion analogous to the hip strategy. 
Disruption of vision, by either closing the eyes or sway- 
referencing the visual surround, also resulted in altered 
sway (P=1.7.1 0-lo), with proportionately more motion 
of the center of mass than with platform sway-referenc- 
ing. As shown by discriminant analysis, an optimal uni- 
variate measure could explain at most 90% of the behav- 
ior due to altered sensory conditions. The remaining lo%, 
while smaller, are highly significant changes in posture 
control that depend on sensory conditions. The results im- 
ply that normal postural coordination of the trunk and legs 
requires both somatosensory and visual information and 
that each sensory modality makes a unique contribution 
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to posture control. Descending postural commands are 
multivariate in nature, and the motion at each joint is af- 
fected uniquely by input from multiple sensors. 
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Introduction 

During quiet stance, humans sway slightly. This sway is 
indicative of a sensor-based control system maintaining 
imperfect equilibrium of an inverted pendulum. The con- 
trol relies of multiple sensory modalities, and sway, de- 
fined either as motion of the body's center of mass 
(COM) or the center of pressure (COP) of vertical ground 
reaction forces (Black et al. 1982), increases when some 
sensory inputs are disrupted (Mirka and Black 1990). In 
addition, subjects with a variety of neurological disorders 
e h b i t  greater sway or stereotypical patterns of sway than 
normals (Nashner et al. 1982; Woollacott et al. 1986; 
Diener and Dichgans 1988; Furman 1994; Horak and 
MacPherson 1995). For these reasons and because of ease 
of measurement, sway and other quantifiers of quiet 
stance have been proposed as useful measures for detect- 
ing balance disorders or determining risk of falling (Malu 
et al. 199 1). These measures are, however, limited in their 
ability to either diagnose contributing factors or provide 
insight concerning underlying mechanisms. More ad- 
vanced sway indicators may address these shortcom- 
mings. 

There are, however, several drawbacks to such univari- 
ate measures. In the case of COP indicators, they insepa- 
rably combine information concerning center of mass lo- 
cation and acceleration. Also, some combinations of joint 
motions such as a "hlp strategy" are not accurately repre- 
sented by COP or COM measurement alone (Horak and 
Nashner 1986; Barin 1992). Implicit to using sway mea- 
sure is a single-link inverted pendulum model of balance, 
in which sensory or neurological dysfunction is manifest- 
ed by greater sway. 






















