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ORIGINAL ARTICLE
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Evaluation of Postural Control in Quiet Standing Using Center
of Mass Acceleration: Comparison Among the Young, the

Elderly, and People With Stroke

Erkang Yu, MD, Masaki Abe, PhD, Kei Masani, PhD, Noritaka Kawashima, PhD, Fumio Eto, MD, PhD,

Nobuhiko Haga, MD, PhD, Kimitaka Nakazawa, PhD

ABSTRACT. Yu E, Abe M, Masani K, Kawashima N, Eto
F, Haga N, Nakazawa K. Evaluation of postural control in quiet
standing using center of mass acceleration: comparison among
the young, the elderly, and people with stroke. Arch Phys Med
Rehabil 2008;89:1133-9.

Objective: To determine center of mass (COM) acceleration
usefulness in the evaluation of postural control during quiet
standing.

Design: Three-group comparison design.

Setting: A research laboratory.

Participants: Poststroke subjects (n=12), healthy elderly
subjects (n=22), and healthy young subjects (n=25).

Interventions: Not applicable.

Main Outcome Measures: With a force platform, postural
sway was evaluated by using the standard deviations of COM
acceleration and center of pressure (COP) and COM (COP-
COM) in which COP-COM represents the distance between the
COP and the COM.

Results: COM acceleration and COP-COM variables were
greater in the poststroke group than in the healthy groups
(elderly and young) in the mediolateral (ML) direction. Both
variables in the anteroposterior (AP) direction were greater in
the poststroke group and the elderly group than in the young
group. Furthermore, the correlations between COM accelera-
tion and COP-COM in each group in each direction were
shown to be significantly high (r range, .906—.979; P<<.001).

Conclusions: COM acceleration was useful in the evalua-
tion of postural control during quiet standing when comparing
the young, the elderly, and poststroke patients. Additionally,
COM acceleration and COP-COM in both the AP and ML
directions during quiet standing were significantly and highly
correlated. Thus, we proposed that COM acceleration can be an
alternative and convenient measure instead of COP-COM in
the evaluation of postural control,
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TO INVESTIGATE THE postural control mechanism dur-
ing quiet standing, measurements such as displacements of
the center of pressure (COP), the center of mass (COM), and
their derivatives have been widely used.’"'* Among these stud-
ies, it is reported that the elderly often have some form of
neurologic degeneration that result in an increase in postural
sway when compared with the young.'®"'? In studies of pos-
tural control,**!” patients after a stroke showed a significant
increase in postural sway and weight-bearing asymmetry. Re-
cently, COP-COM, a measurement that represents the scalar
distance at a given time between COP and COM, has been
suggested as a %ood parameter in understanding the postural
control system.”® Corriveau et al*' showed that the COP-COM
variable provided a reliable measurement of postural stability
in the elderly including those who have impaired postural
control from stroke and those with diabetic neuropathy. In
addition, the evaluation of postural stability by using the COP-
COM variable provided an accurate measure of the gostural
stability in the poststroke elderly.”” Paillex and So™ have
reported that after rehabilitation, there was a reduction in the
measure of COP-COM in the mediolateral (ML) direction
showing the improvements in the standing posture of hemiple-
gic subjects on COP-COM during the course of rehabilitation.
It has been shown that COP-COM can distinguish differences
between the healthy elderly and the young, which reflects the
slight dysfunction on balance induced by aging.'®"'** How-
ever, because COM is not directly measurable, the most gen-
eral way to compute the trajectorsy of COM is by means of the
stereophotogrammetric method,” which is very cumbersome.
A miethod called the zero-to-zero-point double-integration
technique®®?7 has also been used for computing the trajectory
of COM. Despite its simplicity of using a force platform alone,
this method is not easily applicable for clinical measure be-
cause it requires complicated computations. ;

To measure postural control with less trouble, we proposed
that COM acceleration should be used. While standing quietly
on a force platform, the horizontal linear acceleration of the
COM can be estimated with force platform recordings accord-
ing to Newton’s second law as follows:

COM acceleration(r) = F()/m n

where t is the r-th sampling point, F is the ground reaction force
recordings in the horizontal direction, and  is the mass of the
body. Also, when the human body is approximated as an
inverted pendulum rotated about the ankle joint,”® we can
derive
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