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Abstract This study aimed to examine body sway characteristics and to propose effective body sway parameters
for healthy elderly. The subjects were 311 healthy elderly and 380 healthy young adults. None of the subjects had
evidence or known history of gait, posture, or skeletal disorders. The center of foot pressure measurement for 1 min
was performed in 1 trial Using Anima’s stabilometer G5500. The data sampling frequency was 20 Hz. Thirty
parameters with high reliability were selected from 5 domains of distance, area, velocity, power spectrum, and body
sway vector. In comparison with the results for young adults, the elderly had markedly larger values of mean path
length and root mean square of x-axis, as well as for 5 velocity parameters and 4 vector velocity parameters. In
addition, approximately 10% of the data for parameters related to body sway velocity, especially front/back body
sway, even in the healthy elderly fell in an abnormal range of values (mean + 3 SD). In conclusion, the following
parameters may be useful to adequately and simply evaluate the body sway characteristics of the elderly: sway size,
sway velocity, and from a directional viewpoint, sway size in the right/left direction and sway velocity in the
front/back direction.
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1. Introduction

Body sway during a static upright posture is controlled
by the synkinesis of the limbs and body trunk, based on
information from posture adjustment functions such as the
visuosensory, vestibular, and proprioception organ
systems [1] (Cernacek et al., 1973). The important brain
and nerve system function of holding stable posture is
maintained until a relatively old age after sufficient
development (Okada et al., 2001). However, it is very
difficult for the elderly to maintain an upright posture
because of the marked decline in the above functions at an
advanced age. Cummings et al. (2000) reported that the
elderly have more co-operative disorders of the input and
output systems used for posture maintenance. When
examining the upright posture of elderly individuals, it is
necessary to use effective parameters that can adequately
evaluate their body sway characteristics.

The Japan Society for Equilibrium Research recommends
area, locus length, displacement, power spectrum, position
and velocity vectors, and amplitude probability density
distribution as evaluation items of their body sway test.
Perimeter area and total locus length are used to evaluate
sway size, and unit time locus length is used to evaluate

sway velocity. The area surrounding the mean path length
(total locus length/perimeter area) is useful for evaluating
the details of posture control. Right/left displacement is
the right/left distance of the center of foot pressure (COP)
and the body sway average center, and front/back
displacement is the corresponding front/back distance.
Right/left displacement can be wused to evaluate
labyrinthine deviation induced by unilateral labyrinthine
dysfunction. Front/back displacement can be used to
evaluate bilateral labyrinthine dysfunction, Parkinson’s
disease, and hypertonia of antigravity muscle or
hypofunction by cerebellar dysfunction. A position vector
is the vector from COP to a sampling point by the sum for
all 8 directions. This vector can be used to evaluate the
spread of body sway. These parameters are effective
because unilateral labyrinthine dysfunction shows
considerable unusual right/left body sway induced by
labyrinthine deviation in the acute phase. A velocity
vector is also divided in the 8 directions. These parameters
can be used to evaluate the directivity of body sway and
are effective because unilateral labyrinthine dysfunction
shows large right/left body sway in the acute phase and
front/back body sway in the chronic phase.

Watanabe et al. (2009) examined the relationship
between the muscle mass of psoas major muscle and
body sway using the total length parameter and the
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circumference area parameter for the elderly. Hirase et al.
[2] also examined the relationship between leg strength
and body sway using the same parameters for the elderly.
In addition, Tanida et al. (2011) examined the change in
balance function in exercise therapy in local elderly
people using multilateral parameters such as total length,
mean path length, front/back length, right/left length,
circumference area, front/back maximum amplitude, and
right/left maximum amplitude.

As described above, the parameters used to evaluate
body sway in the elderly vary considerably, i.e., they have
not been unified. Therefore, it is necessary to examine
effective body sway parameters. This study aimed to
examine body sway characteristics and to propose
effective body sway parameters for healthy elderly.

2. Methods

2.1. Subjects

The subjects were 311 healthy elderly (age: 71.2 + 6.27
years, height: 161.5 £ 6.57 cm, weight: 60.1 + 8.29 kg)
and 380 healthy young adults (age: 24.3 £ 2.02 years,
height: 173.3 £ 5.55 cm, weight: 67.1 + 7.01 kg). None of
the subjects had evidence or known history of gait, posture,
or skeletal disorders. Informed consent was obtained from
all subjects. The experimental protocol was approved by
the Ethics Committee on Human Experimentation of
the Faculty of Human Science, Kanazawa University
(No.2012-03).

2.2. Experimental Procedure

The measurement procedure followed the method
prescribed in the standardization of the stabilometry test
(Japan Society for Equilibrium Research, 1984). The
subjects maintained a static upright posture with closed
feet (Romberg posture) for 1 min. During the testing, they
were instructed to watch a circular target placed at the eye
level and stood barefoot with their arms held comfortably
and their eyes open. The measurements began after the
subject’s posture and eyes were stable. Measurements
were performed in 1 trial.

2.3. Experimental Instrument

The measurement device used was Anima’s stabilometer
G5500. This device can calculate COP of vertical loads
from the values of 3 vertical load sensors, which are
located in the corners of an isosceles triangle on a level
surface. The data sampling frequency was 20 Hz.

2.4. Parameters

Thirty parameters with high reliability were selected
from the following 5 domains: distance represented sway
size (4 parameters), area represented sway magnitude
(3 parameters), velocity represented sway velocity (5
parameters), power spectrum represented sway frequency
(5 position parameters and 5 velocity parameters), and

vector represented sway direction (4 position parameters
and 4 velocity parameters) [3]. In addition, this study did
not correct parameters according to physique because
Kitabayashi et al. [4] reported that the influence of
physigue on body sway parameters is small (r < 0.4); this
conclusion was also confirmed in the present study.

2.5. Statistical Analysis

The t-test was used to examine the mean difference
between the elderly and the young adults for COP
parameters. The effect size (ES) was calculated to
examine the size of the mean difference. An ES 0of <0.2 is
generally interpreted as a small difference, and >0.8 as a
large difference. Relationships among parameters were
examined using Pearson’s correlations coefficient. Their
significant difference in both groups was tested. The
statistical significance (o) level was set at p < 0.05. o was
controlled on the basis of Bonferroni’s method.

3. Results

Table 1 shows the test results for the mean differences
between the young adults and the elderly and ES for COP
parameters. Significant differences were found in 25
parameters and not in 5 others related to the power
spectrum. The elderly had markedly larger values of mean
path length and root mean square of the x-axis, as well as
for 5 velocity parameters and 4 vector velocity parameters
(ES =0.71-1.00).

Table 2 and Table 3 show correlations among the
parameters in the young adults and the elderly,
respectively, and the test results for the homogeneity of
correlations. Most correlations were significant (gray). In
both groups, strong correlations (r > 0.8) were found
between the mean path length and parameters related to
velocity and vector velocity, between the root mean
square and area parameters, and between velocity, vector
velocity parameters, and related parameters. Correlations
between the parameters of distance and area and vy
direction parameters in the young adults were significantly
greater than those in the elderly (* in Table 2). On the
other hand, correlations between distance parameters and
power spectrum parameters, between velocity parameters
and power spectrum parameters, and between power
spectrum parameters and vector velocity parameters in the
elderly were significantly greater than those in the young
adults (* in Table 3).

Table 4 shows the frequency at which parameters fell
outside the mean + 1-3 SD range for the young adults.
More than 10% of measurements for 29 parameters,
excluding the power spectrum of r-axis, fell outside the
mean = 1 SD range, similar to approximately 50% of
measurements of mean path length, velocity parameters,
and vector velocity parameters. Many parameters (<10%)
in the elderly fell within the mean + 3 SD range for the
young adults, but mean path length, 3 velocity parameters
(y direction), and 3 vector velocity parameters (y
direction) were >10% outside this range.
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Table 1. Significant differences between means of the young adults and the elderly, and ES for sway parameters

voung adults elderhy
i%] SD I SD £ ES
Mean path length {cmi/sec) 1.21 0. 175 0.7 1175 * 050
Root mean square (cm) 072 024 083 022 514 #* 047
Root mean square of X-axis {cm) 044 015 055 016 524 * 07
Root mean square of Y-axis (cm) 056 o2z 0 A1 020 315 #* 024
Area surmrounding mean path length (1/cm) 2588 10065 24 .47 S.03 3.26 #* 025
Area surounding maximal amplitede rectangulsr {om®) .23 5.44 10587 5.238 8.36 * 054
Area surrounding roct mean square (cms) 1.82 148 232 1.26 474 #* 036
Mean velocity of X-axis (cm/sec) 077 027 1.04 0.35 1080 * 081
Mean velocity of Y-axis (cm/sec) 059 020 080 0.38 1315 #* 1.00
Root mean square of sway velocity (cmisec) 162 054 228 087 1216 #* 053
Standard deviation of X-axis welocity (cm/sec) 1.28 045 172 064 1051 * 080
Standard deviation of Y-axis welocity (cmisec) 058 034 147 063 1300 #* 055
Ratio of A domain for power spectrum of X-axis (%) 26 68 G625 2647 545 045 003
Ratio of C domain for power spectrum of X-axis (%) 1375 365 1410 4.4 055 008
Ratio of C domain for power spectrum of Y-axis {3 1656 473 1723 544 173 013
Ratio of A domain for power spectrum of R-axis (%) 24 40 568 2172 5.84 5.07 #* 046
Ratio of C domain for power spectrum of R-axis (%) 1676 4 05 18582 552 590 * 045
Ftio of A domaiin Sor power spectnum of X-ands velocif [36) 413 148 4 42 1 66 243 * 15
Ratin of C choemmin dor power mpectrum of Jais welocin [32) 2548 369 25 25 4 .98 075 006
Fatio of © dommmin for power spectrum of Y-zis welocif [35) 2788 4 08 3043 5.259 G4 * 045
Ratin of A choemmin dor power snecinm of Foawis weloci [32) 890 179 898 2038 055 004
Rartio of © dommmin for power spectrum of Fzds velocisf [35) 44 44 431 45 4 513 242 * 15
Mean vector length of A direction sway (cm) 067 028 073 025 272 * 0.21
Mean vector length of C direction sway (cm) 055 o2z 065 023 764 #* 058
Mean vector length of E direction sway (cm) 066 026 074 026 403 * 0.3
Mean vector length of G direction sway (cm) 055 021 068 022 779 #* 0G0
Mean vector length of A direction velocity {cmizec) 0.9 0.31 135 059 1252 * 098
Mean wvector length of C direction velocity {cmised) 1.21 040 162 061 1087 #* 081
Mean vector length of E direction velocity {cmisec) 093 032 1.39 063 1237 * 095
Mean wvector length of G direction velocity (cmisec) 1.21 040 162 063 1037 #* 0759
note) o’ =005/30, % p< oo’
Table 2. Correlation coefficients between parameters for young adults
1 2 3 1 5 B v? L] ] m n 12 KL LI m 1B W XN 2 2|3 M K B 0 B B N
1|Mean path length {cmisec)
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b 0S8 047 | 005 02 081
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1 08 047 |00 0@ 08 |10 om 0sie
054 054e|-02e T4+ 062+ | 061 100 0% 0d
0L o |0 0w 002 D 491 0® 3 4
o o6 |0 0w oo [0IA 0w (61 012 o |08
004 (0Z | 0m o7 (02| ooe o7 0 08 007 |05 O
DT 0T 050 QIBY 03E[ 03 OM 03 03 0B |08 AW -
L0 0| 052 WIZe M| 03 05 02 0M  0M | 0% 04l 0D 08
021 U |04 oW DN [0F OW 0N 03 007 | oM DM 06 0w M
0 M | 0M 0/ 007 [OM 0 oM 0N 012 |01 06 02 -0M 082 03
0l x| 0R Om Ok (03 OM 08 07 O |4 0B 0B 0B 0% 0F 0%
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srlrghoiClnctonsezyioml| 040 OF7 080 OM | 055 0722 067 | 049 046 051 050 047 |006* 005 000 O AN OB1* 00 Q8 010 -RTe| 0%
2lvean oo gt arecbonpvay o) | 043 DBSE 047 0M | 086 0N R [OM 04 0B 042 08 |0l 0M O DAEE NI O : 2 | om0
26 Mean veckor e mtorsezion| 082 068 083 04 | 0% O O |05 08 050 05 040 082+ 05 005 02¢ Mk 02 % 00 | 046 0n o0&
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[ sy meec| 088 0SB 051 OB3e[-021v 0T3¢ 06|07 006 03 0T 087 [0 0M ¢ 44 0B B 0 00 R 0 M 0E 0 08 0m
:Z:Im - sowosy w006 053 0% 048 | 006 071 081 | 088 087 086w 088 0Bl |03 003 0 03 03 0F 03 0w 0N 02 |05 08 08 08 0® 06 07

note) Gray * significant correlat

ion coefficients, *: significant correlation coefficient higher than elderty
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Table 3. Correlation coefficients between parameters for the elderly
- B = __m_l_““'; "';""':1""‘_0"' b -._f_“) L] g w n 2(B W B W v oW W AN AN B|H M B K N B OBH N
1Mean peth length (cmisac)
HRunot mzan squere {um) 051
HRont mean square of X-ads (rm) | 055 00
4
i 06
f 072 | 05
b T (i : 080 |08 088
j’-kﬂﬂ voocty of ¥ ds (cmisec) | 082 059 065 042 [Om 0F 05T
BfMean velocity of Y-ais (cmisec)  |086* 051 083 03 |04 083 04 | 083
10{Roct mean square of swayveiociy omise)| 008 058 063 042 | 000 070 055 | 006 005%
|5 dovaion i ons oty e | 082 059 006 042 [ 002 0@ 05T |10 0B3 0%
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note) Gray ¢ significant correlation coctficicnts, * : significant correlation cocticient higher than young adults
Table 4. Frequency outside the young adults’ mean+1-3SD range
elderly
young adults ME15D M+ 25D M+ 35D
o 5D frequency (%) | frequency (%) | frequency (%)
Mean path length (cm/sec) 1.21 04 151 486 75 241 a6 114
Root mean square (cm) 072 024 81 260 20 6.4 08
Root mean square of X-axis {cm) 044 015 107 344 45 145 10 32
Root mean square of Y-axis (cm) 058 022 53 170 10 3z 10
Area surrounding mean path length (1/cm) | 2688 1008 34 1043 3 258 oo
Area sumounding maximal amplitede rectangular (om?) 723 544 a9 286 39 125 12 39
Area surrounding root mean square (cm2) 182 149 51 164 16 51 2 04
Mean velocity of X-axis (cm/sec) 017 027 130 M8 63 203 24 77
Mean velocity of Y-axis (cm/sec) 055 020 163 524 51 253 48 154
Root mean square of sway velocity (cm/sec) 1462 054 145 466 78 251 35 113
Standard deviation of X-axis velocity (cmisec) 1.28 045 130 M8 66 212 24 17
Standard deviation of Y-axis velocity (cri/sec) 048 0.34 158 508 a9 286 46 148
Ratio of A domain for power spectrum of X-axis (%) | 26.68 625 5e 167 4 1.3 1 0.3
Ratio of C domain for power spectrum of X-axis (%) | 13.79 365 g7 215 24 T7 T 2.3
Ratio of C domain for power spectrum of Y-axis (%) | 1656 473 a5 208 16 51 G 19
Ratio of A domain for power spectrum of R-axis (%) | 2440 figats] 21 68 i} 15 1 0.3
Ratio of C domain for power spectrum of R-axis (%) | 16.76 405 9N 293 4 132 12 39
Ratio of A domain for power spectrum of X-axis velocity (38) 413 148 52 167 18 61 51 16
Ratio of C domain for power spectrum of X-axis velocity 2549 348 63 203 22 T 10 32
Ratio of C domain for power spectrum of V-axis velocity () 2788 408 117 376 49 158 21 Ga
Ratio of A domain for power spectrum of R-zxis velocity () 880 178 a3 203 22 71 G 19
Ratio of C domain for power spectrum of R-axis velocity (3| 44 44 43 a0 2858 34 1089 el 28
Mean vector length of A direction sway (cm) 067 028 49 158 11 35 3 10
Mean vector length of C direction sway (cm) 055 02z 98 e 28 a0 o] 249
Mean vector length of E direction sway (cm) 0.46 026 58 1846 22 T 4 1.3
Mean vector length of G direction sway (cm) 055 021 98 MNE 32 103 10 32
Mean vector length of A direction velocity (cmisec) 08 03 163 452 a7 280 48 164
Mesan vector length of C direction velocity (cmvsec) 1.21 040 137 441 G4 2068 N 100
Mean wector length of E direction velocity (cm/sec) 0493 03z 155 498 a3 267 45 145
Mean vector length of G direction velocity (cmvsec) 1.4 040 128 M2 al] 212 26 a4
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4. Discussion

Demura et al. [5] and Kitabayashi et al. [3] compiled
114 parameters used so far in many studies and examined
the trial-to-trial and day-to-day reliabilities, interrelationships
among parameters, and gender differences of these
parameters. They reported that the characteristics of COP
sway can be synthetically understood using only 30
parameters. The body sway characteristics of the elderly
were compared with those of the young adults using the
above 30 parameters in the present study. The elderly
showed large values for 25 parameters and not for 5
parameters. Considerable differences were observed in the
mean path length regarding sway size, root mean square of
x-axis for right/left sway size, velocity, and vector
velocity parameters regarding sway velocity. Body sway
in the elderly is thus considered to be larger and quick.
According to Rogind et al. [6] and Brooke-Wavell et al.
(2002), the large decline in body sway in the elderly can
be attributed to changes in the following factors: labyrinth
and proprioception systems with age, leg strength needed
to maintain posture, and adjustment ability of leg
strength related to moving body weight. The abovestated
parameters are related to sway size and velocity. These
parameters in the elderly were remarkably larger than
those in the young adults. Therefore, these are considered
effective parameters reflecting body sway characteristics
and the functional decline in posture maintenance in the
elderly. In addition, on comparing correlations in the young
adults and the elderly, we found that many parameters
were similar in the two groups, but correlations of
parameters related to velocity, power spectrum, and vector
velocity were significantly greater in the elderly than in
the young adults. When evaluating the body sway of
healthy people, it is necessary to consider individual
differences and to synthetically evaluate COP sway using
plural parameters [7] (Demura et al., 2002). The relationships
between velocity parameters used to evaluate the details
of body sway and the other parameters are stronger in
the elderly than in the young adults. Therefore, the body
sway characteristics of the elderly can be evaluated
synthetically and simply using a small number of velocity
parameters.

On the other hand, Nakagawa et al. [8] and Hattori et al.
[9] demonstrated that individual differences in the body
sway of the elderly can be large. Mizuta & Miyata [10]
reported that it is necessary to consider the distribution
characteristics of COP parameters when evaluating
sway in the elderly. In short, when selecting effective
parameters for evaluating body sway, it is necessary to
consider individual differences.

Hence, we examined the distribution characteristics of
the parameters among elderly participants on the basis of
the values for the young adults. When the data followed a
normal distribution, 99.74% of the data fell within a range
of mean + 3 SD. Thus, data outside this range may be
judged as abnormal values [11]. Tokita et al. [7] examined
sway characteristics in disabled persons with abnormal
sway using the range of mean = 2 SD or more as the basis.
Moreover, in that study, the distribution for the elderly
was based on the reference range for young adults.
Therefore, approximately 80%-90% of values for the
elderly were included within their mean + 1 SD. However,

for parameters related to body sway size and velocity,
approximately half (40%-50%) fell outside the reference
range. In addition, data for almost all parameters were
within the range of mean £ 3 SD, but those for parameters
related to body sway size and velocity, >10% of the
data in the elderly were outside this range. The sway
characteristics of the elderly were found to be particularly
represented by parameters in the front/back direction even
among velocity parameters. These reflect the body sway
characteristics of the elderly who repeat delicate and quick
sways. From the above findings, we conclude that the
parameters noted above may be effective for evaluating
body sway in the elderly.

5. Conclusion

In conclusion, the following parameters may be useful
to evaluate body sway characteristics of the elderly
adequately and simple: sway size, sway velocity, and from
a viewpoint of a direction, sway size in the right/left
direction and sway velocity in the front/back direction.
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