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Comparison of Static and Stepping Balance Between
Young and Elderly Women : The Effects of Aging on
Static and Dynamic Standing Balance

Toshihiko Yoneda', Hideki Shinohara', Kumiko Tamaki’, Keiko Sonoda',
Makoto Tajima', Toru Nagao' and Toshiaki Muraki'

PURPOSE : Static and dynamic standing balance is commonly considered to de-
crease with aging. The purpose of this study was to investigate the difference in
control of center of pressure(CoP) during static stance and stepping motion be-
tween the elderly and young subjects. METHODS : Forty—one elderly women
(mean age: 69.0 + 5.1 years) and twelve young women (mean age: 21.4 + 1.2
years) participated in this study. The subjects were instructed to hold Romberg
posture for 30 seconds with the eyes open and closed, and to step forward five
times rhythmically in 10 seconds from wide-base stance with the feet 20 cm apart.
Anterior—posterior(A—P) and lateral sways of CoP measured on a force platform
were analyzed using the unpaired t-test between the two groups. RESULTS:
The elderly women significantly demonstrated larger A-P and lateral sways of
CoP during Romberg stance in eyes—open and eyes—closed tests (p<0.01) than the
young. In the stepping task, the elderly women showed smaller lateral sways of
CoP (284.3 + 58.6 cm for the right foot, 285.8 + 54.8 cm for the left foot) com-
pared with the young (341.5 * 28.5 cm, 348.5 + 42.0 cm respectively)(p<0.01).
CONCLUSION : The decreased lateral sways of CoP of the elderly during step-
ping could be interpreted as difficulty of efficient lateral weight shifting for the
elderly. The results suggested that the elderly may demonstrate less efficient con-
trol of CoP during dynamic stepping balance as well as static stance. This step-
ping task might be a useful method for analyzing dynamic balance activity in the
elderly.
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Introduction

Several researches have been focused
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on the influence of aging on standing
balance by measuring body sway in
static stance using force platform'™. Be-
sides static standing balance tests, studies
were performed on the influence of ag-
ing on dynamic standing balance using
various tasks such as the postural reac-
tions to perturbation and the center of
pressure tracking motion in standing’”.
Previous studies suggested that dynamic
as well as static standing balance are
commonly considered to deteriorate with
aging. In activities of daily living, step-
ping motion during gait initiation is con-
sidered to be one of the motions that re-
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quire care for the frail elderly to avoid
fall. The ability to perform smooth step-
ping without loss of balance is, therefore,
one of the important activities for the
elderly in a daily life. The dynamic
balance function in stepping motion,
however, has not been studied from the
viewpoint of aging effect on weight—
shifting movement during stepping. To
discuss the aging effects on standing bal-
ance, the control of the center of pres-
sure during stepping motion in addition
to static stance needs to be examined for
the characteristics of the elderly.

The purpose of this study was to in-
vestigate difference in control of center
of pressure(CoP) during static stance and
stepping motion between the the elderly-
and young subjects.

Methods

Forty—one elderly women (mean age:
69.0 + 5.1 years) and twelve young
women (mean age: 214 = 1.2 years)
participated in this study with their in-
formed consent. All the subjects were
free from severe or moderate muscu-
loskeletal and neurological and other dis-
turbances which affected activities of
daily living.

In the static test, the subjects were in-
structed to hold the static stance as qui-
etly as possible with the feet together
(Romberg posture) on a strain—gauge
force platform (Gravicoder, a product of
ANIMA Co.& Ltd.) for 30 seconds with
the eyes open and closed. The sway of
center of pressure (CoP) was measured
as an index of body sway. The parame-
ters calculated from measurements were
the total length of CoP sway (T sway),
anterior—posterior sway of CoP (AP
sway) and lateral sway of CoP (L sway).
The Romberg ratio (RR), which is con-

sidered as an index of dependence upon
visual contribution to postural control in
static stance, was calculated by the for-
mula as follows ;

RR = (CoP sway with the eyes closed)
divided by (CoP sway with the eyes
open).

In the stepping test as dynamic bal-
ance, the subjects were instructed to step
forward and back five times from wide—
base stance with the feet 20 cm apart on
the force platform rhythmically at the
pace of a metronome in 10 seconds.

The stepping motion was performed
with right and left legs. The parameters
for evaluation were the anterior—posterior
locus length of CoP (AP locus), lateral
locus length of CoP (L locus) and total
locus length of CoP (T locus) calculated
from measurements with right and left
legs. For statistical comparison between
the elderly and young women, the un-
paired t-test was used with the signifi-
cance level, p < 0.05.

Results

1) Static Balance Test

The elderly women significantly dem-
onstrated larger AP sway, L sways and T
sway during Romberg stance with the
eyes open and closed (p<0.01) than the
young. Romberg ratios did not differ
significantly as to every measurement be-
tween the elderly and young (Table 1).
2) Dynamic Balance Test

In the stepping task, the elderly
women showed smaller L locus (284.3 +
58.6 cm for the right leg, 285.8 + 54.8
cm for the left leg) compared with the
young (341.5 + 285cm, 348.5 = 42.0
cm respectively)(p<0.01). AP locus did
not differ significantly between the two
groups. T locus differed significantly be-
tween them only during right leg step-
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ping(Table 2).
Discussion

It was considered that body sway in
upright stance with the feet together was
greatly influenced by aging. This find-
ing was already confirmed by Overstall
PW et al”, Sheldon JH®, Straube A et
al” and Yoneda T et al’. The body
sway expressed as the movement of cen-
ter of pressure was considered to be a

Comparison of Static and Stepping Balance

useful index of influence of aging on
standing balance. =~ Romberg ratio, how-
ever, did not show difference between
the two groups. According to Straube et
al.”, Romberg ratio increased with aging,
which indicated that standing balance de-
pended more upon visual control of pos-
ture in the elderly than in the young.
In this study, Romberg ratio was not
necessarily considered to be a practical
index of the dependence on visual pos-
ture control that the elderly might have

Table 1. Center of pressure sway of the elderly and young women in the static standing balance test.

Directions Measurements Elderly Group Young Group statistical
of Sway (n=41) (n=12) difference
Anterior- Eyes Open 26.5 £ 69 14.8 + 3.3 **
Posterior Eyes Olosed 403 £ 12.2 249 + 8.7 *ok
Romberg ratio 1.54 £ 0.35 1.71 + 0.48 NS
Lateral Eyes Open 31.3 = 8.7 182 = 53 *x
Eyes Olosed 484 + 134 286 = 11.3 *x
Romberg ratio 1.61 + 0.44 1.62 = 0.51 NS
Total Eyes Open 434 = 114 26.1 + 64 *k
Eyes Olosed 70.4 = 18.7 42.1 =+ 149 *k
Romberg ratio 1.59 = 0.36 1.63 + 0.44 NS

statistical difference **: p<0.01, *: p<0.05,
NS : not significant (Mean + SD cm)

Table 2. Center of pressure locus length of the elderly and young women in the stepping task.

Directions Stepping Task Elderly Group Young Group statistical
of Cop Locus (n=41) (n=12) difference
Anterior- Right Foot 2594 + 66.9 255.4 + 28.5 NS
Posterior Left Foot 2547 £ 62.0 251.4 = 50.3 NS
Lateral Right Foot 284.3 + 58.6 341.5 = 285 *x

Left Foot 285.8 + 54.8 348.5 + 42.0 **
Total Right Foot 437.6 = 90.6 4832 + 415 *
Left Foot 4349 + 87.0 485.7 + 68.5 NS

statistical difference ** :
NS : not significant

p<0.01, *: p<0.05,
(Mean = SD cm)
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in their equilibrium functions. Our pre-
vious study” reported that the ratio of
body sway in wide—base stance with the
eyes closed versus the eyes open showed
significant correlation with aging. Rom-
berg ratio should be reconsidered as an
index of aging effect on postural control.

According to Mann RA et al®, step-
ping motion during gait initiation con-
sisted of lateral as well as anterior—poste-
rior moving of the center of pressure
which produced the movements of center
of gravity. Lyon IN and Day BJ” stud-
ied the movements of the center of pres-
sure and the center of gravity in a first
step to walk. It was considered that
voluntary forward stepping motion, i.e,
volitional weight shifting ahead, was ac-
companied by lateral weight shifting to
the supporting leg which might be inter-
preted as an automatically concomitant
movement for smooth swinging forward
of unilateral leg. Decreased lateral locus
length of the center of pressure in the

elderly indicated difficulty in controlling
sufficient lateral weight shifting during
stepping motion. Anterior — posterior
weight shifting, however, was well-con-
trolled in the elderly, because their ante-
rior—posterior locus length was approxi-
mately as large as the young’s. In other
words, the characteristics of stepping bal-
ance in the elderly could be summarized
that automatical posture control was less
efficiently controlled, although volitionally
purposive movement of swinging forward
was relatively well-controlled.

CONCLUSIONS : The decreased lateral
sways of CoP of the elderly during step-
ping could be interpreted as difficulty of
efficient lateral weight shifting for the
elderly. The elderly showed less efficient
control of CoP during dynamic stepping
balance as well as static stance. This
stepping task might be a useful method
for analyzing dynamic balance activity in
the elderly.
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