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ABSTRACT

The aim of this study was to develop the accuracy of accelerometer-type pedometer used
by the elderly during walking with a cane. The attendees of the gait training at the
commuting rehabilitation services center participated in this study. Eighteen subjects
walked with a cane (male; 5, female; 13, age; 80.9 £ 7.7 yrs, height; 148.1 £ 7.7 cm,
weight; 51.8 * 8.8 kg [mean + SD], 9 had an impaired gait), and 31 subjects walked
without a cane (male; 7, female; 24, age; 80.9 = 7.7 yrs, height; 148.1 + 7.7 cm, weight;
51.8 * 8.8 kg, 15 had an impaired gait). Subjects walked about 20 m there and back at

their own speed. We estimated the number of steps based on the cadence obtained from the
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composite power spectrums of triaxial acceleration signals using FFT algorithm (FM).

FM was compared with the number of steps visually counted by a physical therapist (RM)

and by pedometer (PM). As results, PM measured by the pedometer was inaccurate. But

this FFT method was reasonably accurate when estimating the number of steps. PM was
significantly less than the RM (p <0.05), and the error of PM was 53.2 + 34.1% of RM.
In contrast, FM did not differ from the RM, and the average error of FM was -0.7 = 7.9%
of RM (absolute value; 5.8 + 5.3%). We suggest that our method is adequate and

suitable for estimating the number of steps in elderly people during walking not only with

a cane but also with slow walking speeds or gait disorders.
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#1 Physical characteristics of subjects

SC IC SN IN

(n=9) (n=9) (n=16) (n=15)
Age, yr's 80.7 £ 9.7 781+ 64 815+ 9.5 20+ 48
Height, cm 149.2 + 10.1 1492+ 59 1472+ 64 1478+ 88
Weight, kg 482+ 9.0 53.0 + 7.1 51.7+ 88 533+ 9.8

SC: senile gait with cane; IC: impaired gait with cane; SN: senile gait without cane; IN: impaired gait without cane.

7H Y P AR=YHEE Vol. 28



[q] "]
0.2 1.0
0.1 X
[43)
o 0 g 05
< 01 a
0.2 . . v i 0 4
o] [9°]
0.2 1.0
5 01 >
-0.1 o
024 v . ‘ . 0
(o] 9]
0.2 1.0
w01 N
8 o §o5
< 54 o
0.2 4 . : : 0 .
Cadence
97 |
3.0 I
1-0 2.0
g [
no_ 1.0 |
N | e .
Frequency | 1ZPV

1 Typical examples of the acceleration signals, AccX, AccY, AccZ, and their normalized power spectrum, PowerX, PowerY, and
PowerZ. The frequency at the maximum power of the composite power spectrum, PowerC, was considered as the cadence of each window.
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]2 Relationship between number of steps counted visually by a physical therapist, RM and number of steps counted by pedometer,

PM (a) and number of steps estimated using our method, FM (b) . FM significantly correlated with RM (p < 0.0001) .

<2 RM,PM, and FM and walking speed

SC 1IC SN IN
) (n=9) (n=9) (n=16) (n=15)
Number of steps, steps
RM 803+ 145 783+ 19.1 742+ 175 69.0+ 21.3
PM 330+ 18.6% 26,7+ 28.1% 36.9 & 27.5% 304 + 23.5%
FM 814+ 135 786+ 21.1 721+ 187 68.7+ 21.6
Walking speed, m'min* 3504 115 330+ 128 441+ 11.2 412+ 7.2

RM: number of steps counted visually by a physical therapist; PM: number of steps counted by pedometer; FM_ number (;; steps estimated using the FFT

algorithm. SC: senile gait with cane; IC: impaired gait with cane; SN: senile gait without cane; IN: impaired gait without cane. *#: p <0.01 vs. RM.
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3 The errors of PM (% of RM, c) and the FM (d) for senile gait with cane, SC, impaired gait with cane, IC, senile gait
without cane, SN, impaired gait without cane, IN. **; p < (.01 vs. the errors of PM within the same group.
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