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Examples of frequency spectrum of X direction corresponding to the frequency band produced by the swing of

gravicorder for a female subject aged 76. (A) and (B) represent frequency spectrum calculated by the linear analysis of
Fourier transformation for the direct and alternating currents obtained by the gravicorder, respectively. (C) and (D) represent
frequency spectrum calculated by the power analysis of Fourier transformation for the direct and alternating currents obtained

by the gravicorder, respectively.
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Fig. 2.

Examples of frequency spectrum of Y direction corresponding to the frequency band produced by the swing of

gravicorder for a female subject aged T6.

(A) and (B) represent frequency spectrum calculated by the linear analysis of

Fourier transformation for the direct and alternating currents obtained by the gravicorder, respectively.

(C) and (D) represent

frequency spectrum calculated by the power analysis of Fourier transformation for the direct and alternating currents obtained

by the gravicorder, respectively.

Table 1. Area of postural sway according to the difference of age

Number Values (X+ SEM, cm?) of area of postural sway to the condition
(;;5; ) subojic s Eyes with Medial-lateral sway Anterior-posterior sway
examined Open Closed 03 Hz 0.7 Hz 0.3 Hz 0.7 Hz
Below 75 11 9.91£0.94 22.88+6.51 24.00+2.44 3598+4.58 19.50£1.55 37.82£2.67
Above75 20 18.59+2.74**  27.89%3.63 34.8243.21% 6091:£7.41*  27.89%2.42%* 73.47£7.01

*p<0.05, **p<0.01 as compared with the value of the subject below 75 years.

Table 2. Area of postural sway according to the difference in the experience of fall

Number Values (X SEM, cm?) of area of postural sway to the condition
Group sub(;;cts ( yACE:S ) Eyes with Medial-lateral sway Anterior-posterior sway
examined Open Closed 0.3 Hz 0.7 Hz 0.3 Hz 0.7 Hz
Nonfallers 16  73.8+18 10.66*+1.38 21.22+3.31 24.40+£2.19 4434+£6.28 21.67+1.93 50.33+6.08
Fallers 14 798+1.2% 21.06%£349*% 27.67+4.41 39.33£3.67* 62224937 28.57+3.03%  72.80£9.33**

*p<0.05, **p<0.01 as compared with the value of nonfallers.
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Fig.3. Comparisons of frequency spectrum of X direction
between fallers and nonfallers corresponding to the band
of 0.025-0.25 Hz produced by the swing of gravicorder.
[, nonfallers; B, fallers. Values are X +SEM. *p<0.05,
as compared with nonfallers.

0.8+

T
0.6 T

T
T —

0.4+ T -
¥
o
redial-lateral posterior M a1 Anterior-posterior
sway (0.3Hz)  sway (0.3Hz) sway (0.7Hz)  sway (0.7Hz)

Frequency spectrum (cm)

>

~
h

Eyes open Eyes closed

Fig.4. Comparisons of frequency spectrum of X direction
between fallers and nonfallers corresponding to the band
of 0.25-0.5 Hz produced by the swing of gravicorder. [,
nonfallers ; W, fallers. Values are X £SEM. **p<0.01, as
compared with nonfallers.
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Fig.5. Comparisons of frequency spectrum of X direction
between fallers and nonfallers corresponding to the band
of 0.5-1.0 Hz produced by the swing of gravicorder. [,
nonfallers; M, fallers. Values are X+SEM. *p<0.05,
**p<0.01, as compared with nonfallers.
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Fig. 6. Comparisons of frequency spectrum of Y direction
between fallers and nonfallers corresponding to the band
of 0.025-0.25 Hz produced by the swing of gravicorder.
), nonfallers; @@, fallers. Values are X £SEM. *p<0.05,
as compared with nonfallers.
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Fig. 7. Comparisons of frequency spectrum of Y direction
between fallers and nonfallers corresponding to the band
of 0.25-0.5 Hz produced by the swing of gravicorder. [,
nonfallers ; B, fallers. Values are X +SEM. *p<0.05, as
compared with nonfallers.
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Fig.8. Comparisons of frequency spectrum of Y direction
between fallers and nonfallers corresponding to the band
of 0.5-1.0 Hz produced by the swing of gravicorder. [,
nonfallers ; [, fallers. Values are X +SEM. *p<0.05, as
compared with nonfallers.
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Table 3. Total spectrum of postural sway at pause of the gravicorder accordind to the difference in the
experience of fall

Values (X=SEM, cm®) of postural sway

Number of total spectrum to the condition
of
Group subjects Eyes open Eyes closed
examined J
X value” Y value X value Y value
Nonfallers 16 1.07£0.11  0.88%£0.05 1.63+0.19 1.51£0.13
Fallers 14 1.30£0.16  1.32%0.16* 1.90+0.25 1.61£0.19

® X and Y value represent the size of total spectrum in the medial-lateral and anterior-posterior directions to the
subject, respectively.
* p<0.05 as compared with the value of nonfallers.

Table 4. Total spectrum of postural sway induced by swing of the gravicorder according to the difference in the experience of fall

Number Values (X £ SEM, cm?) of postural sway of total spectrum to the condition
f . . . . .
Group sub(}ccts Medial-lateral sway (0.3 Hz) Medial-lateral sway (0.7 Hz) Anterior-posterior sway (0.3 Hz) Anterior-posterior sway (0.7Hz)

examined  x yalye® Y value X value Y value X value Y value X value Y value

Nonfallers 16 237+0.15 131£0.11 3.46+025 1.55%0.13 1.09£0.08  2.14+0.09 1.43£0.10  3.90+0.36
Fallers 14 2.55£0.17 1.68%0.13% 4.40£0.38% 1.88+0.16 1.374£0.09*  227+0.11 2.00£0.12%  4.57£0.40

DX and Y value represent the size of total spectrum in the medial-lateral and the anterior-posterior directions to the subject, respectively.
*p<0.05 as compared with the value of nonfallers.

Table 5. Area of postural sway according to the difference of obesity

Number Values (X £SEM, cm?) of area of postural sway to the condition
Group subcj?icts Eyes with Medial-lateral sway Anterior-posterior sway
examined  Qpey Closed 03 Hz 0.7 Hz 03 Hz 0.7Hz
Obesity less than 10%" 11 18.053.47 32.35+£5.28 33.31%£2.56 54.74+9.18 25.84+£2.20 65.90£12.32
Obesity more than 10% 20 14.11£2.32 18.97£2.51%  29.70+3.48 50.59£6.91 24.56£2.62 58.69+ 6.22

" More than 10% when calculated by the Broca index.
* p<0.05 as compared with the value of obesity less than 10%.

Table 6. Angles of degree according to the difference of age

Number Values (X = SEM, degree)

(years)  subjects Mean angle Minimum angle Maximum angle

examined Leftknee  Left elbow Trunk Left knee  Left elbow Trunk Leftknee  Left elbow Trunk

Below75 11 28.06+£2.06 19.78+125 537%£1.62 7.89+1.88 7.89+0.93 0.68+1.73 63.25+3.79 33.96+2.85 10.83+1.06
Above 75 20 26.73+1.64 2425+2.18% 8.34+291 8.96i1.64V16.0612.06** 2.63£2.80 57:30+2.49 32.79+2.45 14.72£3.10

*p<0.05, **p<0.01 as compared with the value of the subject below 75 years.
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Table 7. Angles of degree according to the difference in the experience of fall

Number Values (x = SEM, degree)
of . .
Group subjects Mean angle Minimum angle Maximum angle

examined Leftknee Leftelbow  Trunk Left knee  Left elbow Trunk Leftknee  Leftelbow  Trunk

Nonfallers 16
Fallers 14

27.01£1.81 21.95+£1.37 384129 8.61%£1.37 12.55%1.76 —1.18%+1.54 58.92+3.56 33.51+1.69 9.22+1.26
27.82£1.93 2328+3.01 11.51+3.85% 9.32+2.15 1431%2.75 5.85%3.72* 59.45+2.43 31.65+3.46 18.41 +4.07*

*p<0.05 as compared with the value of nonfallers.

Table 8. Angles of degree according to the difference of gait

Number Values (x =SEM, degree)
Gait sub(}:,cts Mean angle Minimum angle Maximum angle
examined Leftknee Leftelbow  Trunk Leftknee  Left elbow Trunk Leftknee  Leftelbow  Trunk
Good gait 17 26.59+1.48 20.66+1.44 3.70£099 6.58%£126 9.89+1.54 —1.27+1.18 60.69+2.21 33.41+£232 9.97+1.01
Poor gait 14 27.95+2.22 25.09+2.78 11.64+3.92% 11.00+2.14 17.13+£2.50% 5.83+3.86 57.86+3.91 32.95+£3.07 17.43+£4.29

*p<0.05 as compared with the value of the subject with good gait.

Table 9. Correlation of area of postural sway and angles in gait

Eyes open 0.088 -0351% 0213 0.207 —0.195 0.219 0.024 —0.378* 0.197
Eyes closed 0.319% —0.230 0.021 0.278 —0.037 0.040 0.114 —0.344 0.027
Medial-lateral sway (0.3 Hz) 0.112 —0.216 0.308*  0.060 —0.074 0300  —0020 —0.251 0.319*
Medial-lateral sway (0.7 Hz) 0.105 —0.198 0.169 0.003 —0.057 0.115 0.117 —0.142 0.230
Anterior-posterior sway (0.3 Hz) 0.214 —0.302*  0.268 0.189 —0.060 0.195 0.151  —0.387* 0.295
Anterior-posterior sway (0.7 Hz)  0.280 —0.086 —0.147 0.241 0.043 —0.180 0.262 —0.158 —=0.115

*p<0.05 by pearson's correlation coefficient.

Table 10. Area of postural sway in the fallers and nonfallers in the follow-up study

Number _ Values (X = SEM, cm®) of area of postural sway to the condition
of Age . . . .
Group subjects  (years) Eyes with Medial-lateral sway Anterior-posterior sway
examined Open Closed 0.3 Hz 0.7 Hz 0.3 Hz 0.7 Hz

Nonfallers 15
Fallers 15

752+22  9.05+£1.03  15.96%+2.43
780%1.1  21.97+3.09** 32.51%+3.90**

21.66+1.54  38.58+3.62
41.08:£3.03"** 6.78+9.38***

21204187 45.81+433
29.07+2.98% 77.64+£9.36**

*p<0.05, **p<0.01 , ***p<0.001 as compared with the value of nonfallers.
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Fig.9. Comparisons of frequency spectrum of X direction

between fallers and nonfallers corresponding to the band
of 0.025-0.25 Hz produced by the swing of gravicorder in a
follow-up study. [, nonfallers; W, fallers. Values are
x £SEM. *p<0.05, **p<0.01, as compared with nonfallers.
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Fig. 10. Comparisons of frequency spectrum of X direction
between fallers and nonfallers corresponding to the band
of 0.25-0.5 Hz produced by the swing of gravicorder in a
follow-up study. [[], nonfallers; W, fallers. Values are
X =SEM. *p<0.05, **p<<0.01, as compared with nonfallers.
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Fig. 11. Comparisons of frequency spectrum of X direction
between fallers and nonfallers corresponding to the band
of 0.5-1.0 Hz produced by the swing of gravicorder in a
follow-up study. [], nonfallers; B, fallers. Values are
X £SEM. *p<0.05, **p<0.01, as comnpared with nonfallers.
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Fig. 12. Comparisons of frequency spectrum of Y direction
between fallers and nonfallers corresponding to the band
of 0.025-0.25 Hz produced by the swing of gravicorder in a

" follow-up study. [], nonfallers; W, fallers. Values are
X +£SEM. *p<0.05, as compared with nonfallers.
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Fig. 14. Comparisons of frequency spectrum of Y direction
between fallers and nonfallers corresponding to the band
of 0.5-1.0 Hz produced by the swing of gravicorder in a
follow up study. [, nonfallers; BB, fallers. Values are
X £SEM. *p<0.05, **p<0.01, as compared with nonfallers.

Table 11. Total spectrum of postural sway at pause of gravicorder in the fallers and nonfallers in the follow-

up study
Values (XX SEM, cmz) of postural sway
Number of total spectrum to the condition
of

Group subjects Eyes open Eyes closed

examined

X value® Y value X value Y value

Nonfallers 15 0.90+0.08 0.8240.05 1.31%0.14 1.35+0.13
Fallers 15 1.45+0.14** 135+0.14™ 2.19£022**  1.76£0.16*

® X and Y value represent the size of total spectrum in the medial-lateral and anterior-posterior directions to the

subject, respectively.

* p<0.05, **p<0.01 as compared with the value of nonfallers.

Table 12. Total spectrum of postural sway induced by swing of the gravicorder in the fallers and nonfallers in the follow-up study

Number Values (X == SEM, cm®) of postural sway of total spectrum to the condition

Group

sub(;: ots Medial-lateral sway (0.3 Hz) Medial-lateral sway (0.7 Hz) Anterior-posterior sway (0.3 Hz) Anterior-posterior sway (0.7Hz)

examined ¥ yajye® Y value X value Y value

X value Y value X value Y value

Nonfallers 15 2.15%£0.10 1.30%1.11 3.45£025

Fallers 15

1.40%0.10
2764017 1.67£0.13% 435+037% 2.00%0.15"%  135£0.09*% 2.27+0.09

1.38£0.07  3.72+0.33
2.05+0.13**  4.75+0.40%

1.100.08  2.13%+0.10

¥ X and Y value represent the size of total spectrum in the medial-lateral and anterior-posterior directions to the subject, respectively.

*p<0.05, **p<0.01 as compared with the value of nonfallers.

Table 13. Angles of degree in the fallers and nonfallers in the follow-up study

Number Values (X = SEM, degree)
f
Group sub?ects Mean angle Minimum angle Maximum angle
examined | eft knee Left elbow Trunk Left knee Left elbow Trunk Left knee Leftelbow  Trunk

Nonfallers 15  28.36+1.62 19.68%£175 2.14+078 9.38+142 10.49+2.01 —333+0.10 60.07%3.14 30.57£229 821£0.99
Fallers 15 26.4242.06 25.46+2.42% 12.70+3.50** 8.51£2.03 16.26+2.22% 7.53£3.35" 58.26+3.11 34.72+2.81 18.80£3.77%

*p<0.05, **p<0.01 as compared with the value of nonfallers.
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Abstract

To predict fall in the elderly, the author investigated the postural sway and gait in thirty people who were
institutionalized, 14 fallers and 16 nonfallers without any problems in daily living or walking. In the measurement of the
postural sway, the analyses of frequency using the fast Fourier transformation (FFT) were performed for subjects standing
erect with eyes open and closed, and with the eyes open when the gravicorder was vibrated in the medial-lateral sway and
anterior-posterior sway at frequency of 0.3 and 0.7 Hz. In the gait analysis, objective assessment using the three
dimensional video/computer motion measurement system was performed for the videotaped data on the subjects who were
walking at their own natural pace. The presence of falling was followed up for the subsequent three years. In particular the
areas of the subjects standing erect with eyes open without swaying and with the medial-lateral sway and anterior-posterior
sway at frequency of 0.3, and the anterior-posterior sway at 0.7 Hz, were greater than those of nonfallers. Further analysis of
FFT revealed significant increases of the frequency spectrum of 0.025 - 1.0 Hz with the X direction in both medial-lateral
and anterior-posterior sways at frequency of 0.7 Hz, and 0.025 - 1.0 Hz with the Y direction while eyes were open and in
both sways in the fallers. Therefore, frequency spectrums at a frequency less than 1 Hz obtained by the FFT for the postural
sway in the elderly must be noted as predictive factors of falling. Total spectrums of the X direction in fallers with eyes
open and of the Y direction during medial-lateral sway at 0.3 Hz and X direction during medial-lateral sway at 0.7 Hz were
increased as compared with those in nonfallers. The anterior-posterior sway at both 0.3 and 0.7 Hz increased total
spectrums at the X direction in fallers. These data suggest the enhancement of the total spectrums at the Y direction while
eyes are open and at the X direction during the anterior-posterior sway in the fallers. There was no significant difference in
the Gait Abnormality Rating Scales, stepwise, or walking speed between fallers and nonfallers. These factors seem unlikely
to provide enough information on falling. The analysis of the three dimensional motion measurement system showed
greater average, minimum and maximum angles of the trunk in fallers, suggesting that gait analysis leads to objective
assessment of falls. The follow-up study confirms predictive factors for falling which were recognized to be significantly
different in the postural sway and gait analysis between fallers and nonfallers, indicating the difference is not due to the age
of the subjects. These results showed that objective gait assessment, using the three dimensional motion measurement in

addition to the FFT analysis for postural sway of the subjects exposed to vibration at low frequency, predict the likelihood of
a future fall in the elderly subjects.




