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1.1  

physical therapy
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Activities of daily living  

ADL 1941
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ADL

1976

ADL
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2 (center of pressure: COP)

1

2

  

 

22.1  

2.1.1  

4 49-53)

 



17 
 

83 )

84)

 

 

 

 

 



18 
 

22.1.2  

29 15 14

18 26 164.2 9.4 cm 61.6

14.2 kg BMI 22.6 3.6 kg/m2

:R1502

 

 

2.1.3  

200 cm 120 cm 41 cm

BPMS

frame rate; 100 Hz

( 2-1-1)

3

Ready Go

2-1-2
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22.1.4  

row

column

2-1  

( 2-1) 
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3 +

(Standard Deviation  SD) 3

row column 10ms

row

column

2-1-3 2-2  

 

( 2-2) 

COPlength: center of pressure length ( ) 
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row column

r

r 

row  

2-1-4

r

3

2

Biodex system4 Biodex

2-1-5

*1)

                                                 
* 1 )  

 



22 
 

30°/s 90°/s 150°/s

60°/s 90°/s 120°/s

r

r Shapiro-Wilk Levene

2 t

Welch SPSS 

Statistics ver.24.0 IBM 5  
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22.1.5  

r 2-

1-1 29

r 2-1-

2 2-1-3

120 °/s :-0.38 60 °/s :0.97

120 °/s :-0.81

p<0.01 R2=0.44 r :-0.91

:-0.26 :0.21 p<0.01

R2=0.84 90 °/s

:0.87 90 °/s :-0.57

p<0.01 R2=0.41 2-1-4  

(cm) 55.9 ± 11.2 60.8 ± 15.8

r(cm/s) 5.6 ± 2.3 5.2 ± 2.7

θ( ) 64.5 ± 5.7 59.0 ± 8.5
 ± 

           (n = 15)  (n = 14)

(s) 2.4 ± 0.6

(cm) 43.1 ± 7.9

(cm) 58.3 ± 13.6

r(cm/s) 5.4 ± 2.4

θ( ) 62.2 ± 8.1

  ± 
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1.57 ± 0.48 1.37 ± 0.44 1.23 ± 0.49
2.50 ± 0.95 2.21 ± 0.87 1.81 ± 0.73

0.50 ± 0.15 0.46 ± 0.13 0.44 ± 0.12
0.56 ± 0.13 0.49 ± 0.11 0.46 ± 0.11

1.35 ± 0.38 1.16 ± 0.34 1.05 ± 0.33
2.60 ± 0.66 2.11 ± 0.54 1.77 ± 0.48

± Nm/kg
) ( ) 60 120 /s

30(60) /s ) 90 /s 150(120) /s )

 (cm)* 120 °/s - 3.80     - 0.38          - 7.71    0.11    
60 °/s 4.97     0.97          2.12    7.83    
120 °/s - 5.46     - 0.81          - 9.57    - 1.35    

101.32     

r (cm/s)*  (s) - 3.99     - 0.91          - 4.84    - 3.14    
 (cm) - 0.08     - 0.26          - 0.14    - 0.02    

θ (°) 0.06     0.21          0.01    0.11    
14.59     

θ ( )* 90 °/s 52.37     0.87          27.18    77.57    
90 °/s - 42.38     - 0.57          - 73.42    - 11.34    

58.88     
* p<0.05

95
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22.1.6  

120 °/s

 Kaneko 57)

60 °/s 90 °/s

60 °/s

120 °/s

r

r row column
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85)

 

90 °/s

90 °/s

61)

3
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22.2  

2.2.1  

2 2

2

 

 

2.2.2  

1 29

16 8 8

64 75 157.7

7.4 cm 50.8 9.5 kg  BMI20.4 3.1 kg/m2  

:R1502

 

 

2.2.3  

2 1  
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22.2.4  

2 1 2

3

column

spline

2 t

SPSS Statistics ver.24.0, IBM

5  

 

2.2.5  

2 t BMI 30°/s 150°/s

(p<0.05)( 2-

2-1 2-2-2) COP

90 °/s :0.86

120 °/s :-0.59 p<0.01

R2=0.54 2-2-3 2-2-1 2-2-2
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(s) 2.4 ± 0.6 3.2 ± 0.5 **

(cm) 43.1 ± 7.9 32.8 ± 7.0 **

(cm/s) 25.2 ± 7.5 29.9 ± 11.3 *
±

*:p<0.05, **:p<0.01

1.57 ± 0.48 0.69 ± 0.33 ** 1.37 ± 0.44 0.65 ± 0.32 ** 1.23 ± 0.49 0.53 ± 0.33 **
2.50 ± 0.95 1.02 ± 0.37 ** 2.21 ± 0.87 0.86 ± 0.43 ** 1.81 ± 0.73 0.75 ± 0.47 **

0.50 ± 0.15 0.43 ± 0.08 0.46 ± 0.13 0.38 ± 0.11 * 0.44 ± 0.12 0.38 ± 0.11
0.56 ± 0.13 0.43 ± 0.11 ** 0.49 ± 0.11 0.38 ± 0.11 ** 0.46 ± 0.11 0.36 ± 0.11 **

1.35 ± 0.38 0.80 ± 0.20 ** 1.16 ± 0.34 0.64 ± 0.23 ** 1.05 ± 0.33 0.63 ± 0.25 **
2.60 ± 0.66 1.68 ± 0.41 ** 2.11 ± 0.54 1.22 ± 0.39 ** 1.77 ± 0.48 0.98 ± 0.34 **

± Nm/kg      *:p<0.05, **:p<0.01
) ( ) 60 120 /s

30(60) /s ) 90 /s 150(120) /s )

 (cm)** 90 /s 91.23     0.86          39.94    142.52    
120 °/s - 17.50     - 0.59          - 25.55    - 2.46    

6.27     

** p<0.01

95
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22.2.6  

2 2

 

(120 /s)

1

7

86)

 



33 
 

30 59

Ford-Smith 49)

push up

Ford-Smith push up

push up
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33.1  

2

X-Y-Z

2

 

37- 39

3 2

3
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33.2  

15 20-23

171.4 6.4cm 62.9 8.3

( :R1502)

 

 

3.3  

26 (

5 ) ( 3-1)  
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9

(MAC3DSystem Motion Analysis )

(frame rate) 100Hz

(KineAnalyzer

)

3

(iVISHFR31 Canon )

1 200cm 120cm

41cm 188cm 64cm

(“Ready go”)

 

 

33.4  

8Hz 87)

3
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( 3-1)  

 
( 3-2)  

n  

( 3-3)  

(resultant acceleration: RA)

2  

 

( 3-4) 

3000ms 3 (X-Y-Z)

+ 3

+

3

2000ms( 4000ms)

( 3-2) 15 6 90

3 (X-Y-Z)

(

3-3)

X

Y

( )

Z

( IBM SPSS Statistics 21 IBM ) 1
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Friedman 5
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33.5  

15

3-4

3-4 (

3-5)

-X Y Z

( 3-6 3-7 3-8) ( 3-9) Friedman
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44.1  

1

49 - 53)

10

10

52)

5 4,55, 57,5 9,60, 75,7 8,80 )

54,55, 57,61 ,74)

82)
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44.2  

17

19 24

169.8cm 6.2cm 64.1kg 5.5kg BMI22.3 2.1

( :R1502)
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44.3  

3 26 (

(ASIS)

3 )

( 4-1)  

 

 

9

(Mac3Dsystem Motion Analysis )

(frame rate) 100Hz

(KineAnalyzer )

120cm 120cm 41cm
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("Ready go”)

( 4-2)

2 3 6
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44.4  

6Hz Butterworth filter 87) 26

(X-Y-Z)

20

10

( 4-3)  
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17 6 102

( 4-4)

( 4-1)  
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( intra class 

correlation coefficients: ICC) ICC(1 1)(1, 3)

D ( Decision study)

Spearman Brown 0.9

( SPSS 

Statistics ver.24.0 IBM ) 5  
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44.5  

ICC(1,1)(1,3) (0.751 0.901)

(0.771 0.910) ( 4-2)

( 4-3)

( 4-4) D

12.0

4.9 ( 4-

5)  

 

 

 

 

 

 

 

 

 

 

 

 

 

lower upper
ICC(1,1) 0.751** 0.541 0.891 10.068 0.000
ICC(1,3) 0.901** 0.779 0.961 10.068 0.000

ICC(1,1) 0.771** 0.571 0.900 11.074 0.000
ICC(1,3) 0.910** 0.800 0.964 11.074 0.000

** : p<0.01

P valueICC
95% CI

F value
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lower upper lower upper
ICC(1,1) 0.757** 0.549 0.894 10.330 0.000 ICC(1,1) 0.770** 0.570 0.900 11.049 0.000
ICC(1,3) 0.903** 0.785 0.962 10.330 0.000 ICC(1,3) 0.909** 0.799 0.964 11.049 0.000
ICC(1,1) 0.770** 0.571 0.900 11.071 0.000 ICC(1,1) 0.666** 0.417 0.848 6.977 0.000
ICC(1,3) 0.910** 0.799 0.964 11.071 0.000 ICC(1,3) 0.857** 0.682 0.944 6.977 0.000
ICC(1,1) 0.743** 0.528 0.887 9.657 0.000 ICC(1,1) 0.853** 0.708 0.938 18.363 0.000
ICC(1,3) 0.896** 0.770 0.959 9.657 0.000 ICC(1,3) 0.946** 0.879 0.979 18.363 0.000
ICC(1,1) 0.855** 0.713 0.940 18.739 0.000 ICC(1,1) 0.853** 0.708 0.938 18.369 0.000
ICC(1,3) 0.947** 0.882 0.979 18.739 0.000 ICC(1,3) 0.946** 0.879 0.979 18.369 0.000
ICC(1,1) 0.502** 0.213 0.755 4.025 0.000 ICC(1,1) 0.65** 0.394 0.839 6.559 0.000
ICC(1,3) 0.752** 0.448 0.902 4.025 0.000 ICC(1,3) 0.848** 0.662 0.940 6.559 0.000
ICC(1,1) 0.645** 0.388 0.837 6.441 0.000 ICC(1,1) 0.741** 0.525 0.886 9.587 0.000
ICC(1,3) 0.845** 0.655 0.939 6.441 0.000 ICC(1,3) 0.896** 0.768 0.959 9.587 0.000
ICC(1,1) 0.635** 0.375 0.831 6.210 0.000 ICC(1,1) 0.833** 0.674 0.930 15.993 0.000
ICC(1,3) 0.839** 0.642 0.937 6.210 0.000 ICC(1,3) 0.937** 0.861 0.975 15.993 0.000
ICC(1,1) 0.788** 0.599 0.909 12.182 0.000 ICC(1,1) 0.769** 0.568 0.899 10.962 0.000
ICC(1,3) 0.918** 0.818 0.968 12.182 0.000 ICC(1,3) 0.909** 0.797 0.964 10.962 0.000
ICC(1,1) 0.850** 0.704 0.937 18.045 0.000 ICC(1,1) 0.683** 0.441 0.857 7.479 0.000
ICC(1,3) 0.945** 0.877 0.978 18.045 0.000 ICC(1,3) 0.866** 0.703 0.947 7.479 0.000
ICC(1,1) 0.614** 0.347 0.820 5.765 0.000 ICC(1,1) 0.847** 0.697 0.936 17.561 0.000
ICC(1,3) 0.827** 0.615 0.932 5.765 0.000 ICC(1,3) 0.943** 0.874 0.978 17.561 0.000
ICC(1,1) 0.761** 0.555 0.896 10.526 0.000 ICC(1,1) 0.753** 0.544 0.892 10.165 0.000
ICC(1,3) 0.905** 0.789 0.963 10.526 0.000 ICC(1,3) 0.902** 0.782 0.961 10.165 0.000
ICC(1,1) 0.848** 0.700 0.936 17.738 0.000 ICC(1,1) 0.475** 0.183 0.738 3.715 0.001
ICC(1,3) 0.944** 0.875 0.978 17.738 0.000 ICC(1,3) 0.731** 0.402 0.894 3.715 0.001
ICC(1,1) 0.831** 0.669 0.928 15.707 0.000 ICC(1,1) 0.900** 0.794 0.959 27.966 0.000
ICC(1,3) 0.936** 0.859 0.975 15.707 0.000 ICC(1,3) 0.964** 0.921 0.986 27.966 0.000
ICC(1,1) 0.942** 0.877 0.977 49.821 0.000 ICC(1,1) 0.968** 0.932 0.987 92.922 0.000
ICC(1,3) 0.980** 0.955 0.992 49.821 0.000 ICC(1,3) 0.989** 0.976 0.996 92.922 0.000
ICC(1,1) 0.960** 0.915 0.984 73.543 0.000 ICC(1,1) 0.967** 0.928 0.987 87.579 0.000
ICC(1,3) 0.986** 0.970 0.995 73.543 0.000 ICC(1,3) 0.989** 0.975 0.996 87.579 0.000
ICC(1,1) 0.261* -0.025 0.585 2.060 0.038 ICC(1,1) 0.717** 0.490 0.874 8.619 0.000
ICC(1,3) 0.515* -0.078 0.809 2.060 0.038 ICC(1,3) 0.884** 0.742 0.954 8.619 0.000
ICC(1,1) 0.651** 0.396 0.840 6.589 0.000 ICC(1,1) 0.464** 0.171 0.731 3.597 0.001
ICC(1,3) 0.848** 0.663 0.940 6.589 0.000 ICC(1,3) 0.722** 0.383 0.891 3.597 0.001
ICC(1,1) 0.814** 0.641 0.921 14.107 0.000 ICC(1,1) 0.920** 0.834 0.968 35.727 0.000
ICC(1,3) 0.929** 0.843 0.972 14.107 0.000 ICC(1,3) 0.972** 0.938 0.989 35.727 0.000
ICC(1,1) 0.790** 0.601 0.909 12.256 0.000 ICC(1,1) 0.768** 0.567 0.899 10.942 0.000
ICC(1,3) 0.918** 0.819 0.968 12.256 0.000 ICC(1,3) 0.909** 0.797 0.964 10.942 0.000
ICC(1,1) 0.814** 0.641 0.921 14.095 0.000 ICC(1,1) 0.936** 0.865 0.974 45.025 0.000
ICC(1,3) 0.929** 0.842 0.972 14.095 0.000 ICC(1,3) 0.978** 0.951 0.991 45.025 0.000
ICC(1,1) 0.889** 0.774 0.954 25.033 0.000 ICC(1,1) 0.747** 0.535 0.889 9.881 0.000
ICC(1,3) 0.960** 0.911 0.984 25.033 0.000 ICC(1,3) 0.899** 0.775 0.960 9.881 0.000
ICC(1,1) 0.732** 0.511 0.882 9.180 0.000 ICC(1,1) 0.896** 0.787 0.957 26.885 0.000
ICC(1,3) 0.891** 0.758 0.957 9.180 0.000 ICC(1,3) 0.963** 0.917 0.985 26.885 0.000
ICC(1,1) 0.847** 0.698 0.936 17.599 0.000 ICC(1,1) 0.742** 0.527 0.887 9.649 0.000
ICC(1,3) 0.943** 0.874 0.978 17.599 0.000 ICC(1,3) 0.896** 0.770 0.959 9.649 0.000
ICC(1,1) 0.664** 0.414 0.847 6.934 0.000 ICC(1,1) 0.808** 0.631 0.918 13.609 0.000
ICC(1,3) 0.856** 0.680 0.943 6.934 0.000 ICC(1,3) 0.927** 0.837 0.971 13.609 0.000
ICC(1,1) 0.621** 0.357 0.824 5.916 0.000 ICC(1,1) 0.785** 0.593 0.907 11.933 0.000
ICC(1,3) 0.831** 0.625 0.933 5.916 0.000 ICC(1,3) 0.916** 0.814 0.967 11.933 0.000
ICC(1,1) 0.867** 0.734 0.945 20.622 0.000 ICC(1,1) 0.865** 0.729 0.944 20.140 0.000
ICC(1,3) 0.952** 0.892 0.981 20.622 0.000 ICC(1,3) 0.950** 0.890 0.980 20.140 0.000
ICC(1,1) 0.901** 0.797 0.959 28.364 0.000 ICC(1,1) 0.950** 0.893 0.980 58.066 0.000
ICC(1,3) 0.965** 0.922 0.986 28.364 0.000 ICC(1,3) 0.983** 0.962 0.993 58.066 0.000

* : p<0.05  ** : p<0.01

ICC
95% CI

F value P valueICC
95% CI

F value P value
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lower upper lower upper
ICC(1,1) 0.390** 0.095 0.681 2.918 0.004 ICC(1,1) 0.142 -0.122 0.483 1.498 0.158
ICC(1,3) 0.657** 0.239 0.865 2.918 0.004 ICC(1,3) 0.332 -0.482 0.737 1.498 0.158
ICC(1,1) 0.344* 0.051 0.649 2.577 0.010 ICC(1,1) 0.483** 0.192 0.743 3.800 0.001
ICC(1,3) 0.612* 0.138 0.847 2.577 0.010 ICC(1,3) 0.737** 0.416 0.896 3.800 0.001
ICC(1,1) 0.494** 0.204 0.749 3.924 0.000 ICC(1,1) 0.503** 0.215 0.755 4.040 0.000
ICC(1,3) 0.745** 0.434 0.900 3.924 0.000 ICC(1,3) 0.752** 0.450 0.903 4.040 0.000
ICC(1,1) 0.350** 0.056 0.653 2.613 0.009 ICC(1,1) 0.118 -0.140 0.460 1.400 0.200
ICC(1,3) 0.617** 0.151 0.849 2.613 0.009 ICC(1,3) 0.286 -0.586 0.719 1.400 0.200
ICC(1,1) 0.307* 0.016 0.621 2.328 0.019 ICC(1,1) 0.261* -0.024 0.585 2.062 0.038
ICC(1,3) 0.570* 0.046 0.831 2.328 0.019 ICC(1,3) 0.515* -0.077 0.809 2.062 0.038
ICC(1,1) 0.481** 0.190 0.742 3.786 0.001 ICC(1,1) 0.415** 0.120 0.698 3.129 0.003
ICC(1,3) 0.736** 0.414 0.896 3.786 0.001 ICC(1,3) 0.680** 0.290 0.874 3.129 0.003
ICC(1,1) 0.164 -0.105 0.503 1.587 0.126 ICC(1,1) 0.357** 0.063 0.658 2.665 0.008
ICC(1,3) 0.370 -0.399 0.752 1.587 0.126 ICC(1,3) 0.625** 0.167 0.852 2.665 0.008
ICC(1,1) -0.082 -0.277 0.243 0.773 0.703 ICC(1,1) 0.318* 0.026 0.629 2.399 0.016
ICC(1,3) -0.293 -1.871 0.491 0.773 0.703 ICC(1,3) 0.583* 0.074 0.836 2.399 0.016
ICC(1,1) 0.300* 0.010 0.616 2.287 0.021 ICC(1,1) 0.406** 0.111 0.692 3.049 0.003
ICC(1,3) 0.563* 0.029 0.828 2.287 0.021 ICC(1,3) 0.672** 0.272 0.871 3.049 0.003
ICC(1,1) 0.095 -0.157 0.438 1.315 0.244 ICC(1,1) 0.536** 0.252 0.775 4.461 0.000
ICC(1,3) 0.240 -0.688 0.701 1.315 0.244 ICC(1,3) 0.776** 0.502 0.912 4.461 0.000
ICC(1,1) 0.395** 0.100 0.685 2.957 0.004 ICC(1,1) 0.360** 0.066 0.660 2.688 0.008
ICC(1,3) 0.662** 0.249 0.867 2.957 0.004 ICC(1,3) 0.628** 0.174 0.854 2.688 0.008
ICC(1,1) 0.443** 0.149 0.717 3.383 0.001 ICC(1,1) 0.486** 0.196 0.745 3.840 0.000
ICC(1,3) 0.704** 0.344 0.884 3.383 0.001 ICC(1,3) 0.740** 0.422 0.897 3.840 0.000
ICC(1,1) 0.118 -0.140 0.460 1.402 0.199 ICC(1,1) 0.035 -0.200 0.377 1.109 0.385
ICC(1,3) 0.287 -0.584 0.719 1.402 0.199 ICC(1,3) 0.098 -1.002 0.645 1.109 0.385
ICC(1,1) 0.698** 0.462 0.865 7.931 0.000 ICC(1,1) 0.709** 0.478 0.870 8.319 0.000
ICC(1,3) 0.874** 0.720 0.950 7.931 0.000 ICC(1,3) 0.880** 0.733 0.953 8.319 0.000
ICC(1,1) 0.621** 0.357 0.824 5.922 0.000 ICC(1,1) 0.526** 0.241 0.769 4.334 0.000
ICC(1,3) 0.831** 0.625 0.934 5.922 0.000 ICC(1,3) 0.769** 0.488 0.909 4.334 0.000
ICC(1,1) 0.440** 0.146 0.715 3.357 0.001 ICC(1,1) 0.450** 0.156 0.721 3.450 0.001
ICC(1,3) 0.702** 0.339 0.883 3.357 0.001 ICC(1,3) 0.710** 0.357 0.886 3.450 0.001
ICC(1,1) 0.242* -0.041 0.570 1.959 0.049 ICC(1,1) 0.132 -0.130 0.473 1.455 0.175
ICC(1,3) 0.489* -0.133 0.799 1.959 0.049 ICC(1,3) 0.313 -0.526 0.729 1.455 0.175
ICC(1,1) 0.638** 0.380 0.833 6.294 0.000 ICC(1,1) 0.774** 0.576 0.902 11.281 0.000
ICC(1,3) 0.841** 0.647 0.937 6.294 0.000 ICC(1,3) 0.911** 0.803 0.965 11.281 0.000
ICC(1,1) 0.479** 0.188 0.740 3.759 0.001 ICC(1,1) 0.569** 0.292 0.795 4.967 0.000
ICC(1,3) 0.734** 0.409 0.895 3.759 0.001 ICC(1,3) 0.799** 0.553 0.921 4.967 0.000
ICC(1,1) 0.517** 0.230 0.764 4.207 0.000 ICC(1,1) 0.840** 0.686 0.933 16.755 0.000
ICC(1,3) 0.762** 0.472 0.906 4.207 0.000 ICC(1,3) 0.940** 0.867 0.977 16.755 0.000
ICC(1,1) 0.553** 0.273 0.785 4.716 0.000 ICC(1,1) 0.285* -0.004 0.604 2.193 0.027
ICC(1,3) 0.788** 0.529 0.917 4.716 0.000 ICC(1,3) 0.544* -0.012 0.821 2.193 0.027
ICC(1,1) 0.494** 0.204 0.750 3.927 0.000 ICC(1,1) 0.527** 0.241 0.770 4.337 0.000
ICC(1,3) 0.745** 0.435 0.900 3.927 0.000 ICC(1,3) 0.769** 0.488 0.909 4.337 0.000
ICC(1,1) 0.377** 0.082 0.672 2.817 0.005 ICC(1,1) 0.418** 0.123 0.701 3.158 0.002
ICC(1,3) 0.645** 0.212 0.860 2.817 0.005 ICC(1,3) 0.683** 0.297 0.875 3.158 0.002
ICC(1,1) 0.241 -0.042 0.569 1.954 0.050 ICC(1,1) 0.419** 0.124 0.701 3.167 0.002
ICC(1,3) 0.488 -0.136 0.799 1.954 0.050 ICC(1,3) 0.684** 0.299 0.876 3.167 0.002
ICC(1,1) 0.324* 0.032 0.634 2.440 0.014 ICC(1,1) 0.283* -0.005 0.603 2.186 0.027
ICC(1,3) 0.590* 0.090 0.839 2.440 0.014 ICC(1,3) 0.543* -0.016 0.820 2.186 0.027
ICC(1,1) 0.352** 0.058 0.654 2.630 0.009 ICC(1,1) 0.364** 0.070 0.663 2.718 0.007
ICC(1,3) 0.620** 0.156 0.850 2.630 0.009 ICC(1,3) 0.632** 0.183 0.855 2.718 0.007
ICC(1,1) 0.445** 0.151 0.719 3.409 0.001 ICC(1,1) 0.467** 0.175 0.733 3.632 0.001
ICC(1,3) 0.707** 0.349 0.885 3.409 0.001 ICC(1,3) 0.725** 0.389 0.892 3.632 0.001

* : p<0.05  ** : p<0.01

ICC
95% CI

F value P valueICC
95% CI

F value P value
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44.6  

81)

82) X-Y-Z

0 . 7 5 7 1 . 3 0 . 7 7 0 1 . 2
0 . 7 7 0 1 . 2 0 . 6 6 6 2 . 1
0 . 7 4 3 1 . 4 0 . 8 5 3 0 . 7
0 . 8 5 5 0 . 7 0 . 8 5 3 0 . 7
0 . 5 0 2 4 . 2 0 . 6 5 0 2 . 3
0 . 6 4 5 2 . 3 0 . 7 4 1 1 . 4
0 . 6 3 5 2 . 4 0 . 8 3 3 0 . 8
0 . 7 8 8 1 . 1 0 . 7 6 9 1 . 2
0 . 8 5 0 0 . 7 0 . 6 8 3 1 . 9
0 . 6 1 4 2 . 6 0 . 8 4 7 0 . 7
0 . 7 6 1 1 . 3 0 . 7 5 3 1 . 3
0 . 8 4 8 0 . 7 0 . 4 7 5 4 . 7
0 . 8 3 1 0 . 8 0 . 9 0 0 0 . 4
0 . 9 4 2 0 . 2 0 . 9 6 8 0 . 1
0 . 9 6 0 0 . 1 0 . 9 6 7 0 . 1
0 . 2 6 1 1 2 . 0 0 . 7 1 7 1 . 6
0 . 6 5 1 2 . 2 0 . 4 6 4 4 . 9
0 . 8 1 4 0 . 9 0 . 9 2 0 0 . 3
0 . 7 9 0 1 . 1 0 . 7 6 8 1 . 2
0 . 8 1 4 0 . 9 0 . 9 3 6 0 . 2
0 . 8 8 9 0 . 5 0 . 7 4 7 1 . 4
0 . 7 3 2 1 . 5 0 . 8 9 6 0 . 4
0 . 8 4 7 0 . 7 0 . 7 4 2 1 . 4
0 . 6 6 4 2 . 1 0 . 8 0 8 1 . 0
0 . 6 2 1 2 . 6 0 . 7 8 5 1 . 1
0 . 8 6 7 0 . 6 0 . 8 6 5 0 . 6
0 . 9 0 1 0 . 4 0 . 9 5 0 0 . 2

I C C
( 1 , 1 ) S p e a r m a n -  B r o w nI C C

( 1 , 1 ) S p e a r m a n -  B r o w n
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55.1  

4

5
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5

 

 

5.2  
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55.3  

4 ( 4  4-

1 ) 9

(Mac3Dsystem Motion Analysis )

(frame rate) 100Hz

(KineAnalyzer )

120cm 120cm 41cm

("Ready go”)

( 4  4-2 )

5  

 

 

 

Mean age (range) (years) 20   69   
Height (cm) 168.8 ± 6.2 157.7 ± 7.4
Body weight (kg) 62.9 ± 4.9 50.8 ± 9.5
BMI (kg/m2) 22.2 ± 2.2 20.4 ± 3.1
Mean ± SD

     elderly          young  
(65-74)(19-24)
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55.4  

6Hz Butterworth filter 87)

5

(Arrival timing of the angle; ATA)( 5-
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Mann-Whitney U

ATA

( SPSS 

Statistics ver.24.0 IBM ) 5  
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median( ) first quartile third quartile median( ) first quartile third quartile
right shoulder adduction 13.9    10.0        15.7        9.4    6.9        11.7        
right shoulder abduction * 28.8    25.9        44.3        42.7    35.6        51.2        
left shoulder adduction ** 12.2    8.7        14.2        5.0    -1.5        10.3        
left shoulder abduction 24.8    19.4        31.3        27.7    22.2        31.6        

right shoulder flexion 25.9    17.9        34.2        27.7    20.3        30.8        
right shoulder extension ** -21.9    -24.6        -17.4        -31.3    -38.2        -27.3        

left shoulder flexion 20.2    16.5        27.9        20.9    9.1        25.9        
left shoulder extension ** -17.2    -21.0        -13.3        -32.9    -39.5        -27.1        

right elbow flexion ** 84.1    71.7        89.2        92.2    80.2        96.1        
right elbow extension 25.7    21.9        30.1        24.0    20.7        28.3        

left elbow flexion 64.6    52.0        75.6        67.5    59.5        78.8        
left elbow extension 25.5    19.6        31.7        23.1    17.5        24.7        

neck right rotation 22.1    12.2        25.2        19.7    11.6        25.0        
neck left rotation -3.8    -6.5        -0.6        -6.7    -14.4        -2.1        

neck flexion 34.6    21.5        43.2        38.3    30.4        45.0        
neck extension ** -27.5    -36.2        -18.8        -8.5    -15.8        -3.2        

trunk right rotation 5.3    1.5        10.4        5.9    2.6        12.0        
trunk left rotation -14.2    -17.5        -9.0        -14.3    -19.8        -10.2        

trunk flexion ** 63.2    46.9        68.6        37.2    30.5        40.7        
trunk extension ** 2.4    0.2        10.8        -15.5    -19.1        -9.8        

right hip joint adduction ** -5.8    -7.2        -3.2        -12.0    -15.2        -9.7        
right hip joint abduction 21.0    14.0        28.2        11.2    4.5        24.3        
left hip joint adduction * -13.8    -15.3        -9.9        -17.7    -22.8        -12.9        
left hip joint abduction * 3.3    1.6        8.8        -2.1    -4.1        5.0        

right hip joint flexion ** 56.2    45.9        63.0        80.0    74.4        91.2        
right hip joint extension ** 9.9    8.0        14.6        25.3    18.1        27.6        

left hip joint flexion 64.0    45.0        73.9        71.6    66.4        86.5        
left hip joint extension 7.2    4.6        12.1        13.2    9.2        20.9        

right knee joint flexion ** 55.3    47.1        64.9        77.8    69.2        86.9        
right knee joint extension ** 10.5    9.1        11.1        14.5    11.4        17.0        

left knee joint flexion ** 59.7    46.6        71.5        74.1    66.0        78.3        
left knee joint extension 10.5    6.1        11.3        11.5    9.7        13.8        

*: p<o.o5, **: p<o.o1

q g
young erderly



68 
 

 

median(%) first quartile third quartile median(%) first quartile third quartile
right shoulder adduction 55.8    29.7        89.4        76.8    43.4        87.8        
right shoulder abduction * 51.6    44.6        63.6        41.4    33.9        50.1        
left shoulder adduction * 73.8    59.4        92.6        62.5    48.5        69.6        
left shoulder abduction ** 44.8    34.8        60.2        24.4    17.2        32.8        

right shoulder flexion ** 79.8    77.5        87.9        69.4    60.6        77.0        
right shoulder extension 25.3    18.7        30.1        23.9    19.4        28.4        

left shoulder flexion 84.2    55.4        91.9        89.2    71.7        95.8        
left shoulder extension 21.4    13.1        31.5        23.7    19.8        31.6        

right elbow flexion 41.6    31.4        46.7        34.3    24.3        43.1        
right elbow extension 6.3    0.9        19.8        10.4    4.3        37.1        

left elbow flexion * 73.5    38.5        84.2        30.6    21.9        65.9        
left elbow extension 21.9    5.3        39.0        29.2    2.4        44.3        

neck right rotation * 49.7    42.9        58.1        35.6    26.9        43.9        
neck left rotation ** 24.1    18.9        41.4        53.6    36.6        63.4        

neck flexion 27.6    22.9        33.2        26.0    22.1        37.2        
neck extension ** 87.2    73.7        94.2        58.8    6.1        78.1        

trunk right rotation 39.5    28.3        65.4        33.7    26.3        45.9        
trunk left rotation * 56.9    45.1        74.7        45.3    36.3        54.4        

trunk flexion 53.6    47.6        60.0        53.9    51.2        64.3        
trunk extension 0.8    0.2        2.8        0.7    0.5        3.4        

right hip joint adduction 70.6    39.8        75.6        57.3    37.7        63.5        
right hip joint abduction ** 52.4    41.4        57.8        37.1    30.1        45.7        
left hip joint adduction ** 62.0    53.3        76.7        41.2    32.4        47.0        
left hip joint abduction 51.2    29.3        62.3        41.4    30.4        50.8        

right hip joint flexion 69.1    62.7        89.9        72.2    60.9        79.5        
right hip joint extension ** 17.7    6.8        26.7        5.8    3.7        9.8        

left hip joint flexion * 84.1    78.9        89.4        69.2    59.2        74.1        
left hip joint extension * 25.2    19.6        30.1        9.0    3.3        16.3        

right knee joint flexion * 84.9    76.2        91.3        67.3    51.3        87.5        
right knee joint extension 6.0    0.2        7.4        2.1    0.2        3.7        

left knee joint flexion * 91.8    80.7        95.6        82.3    73.1        86.5        
left knee joint extension 6.1    1.8        15.8        1.7    0.8        4.1        

*: p<o.o5, **: p<o.o1

erderlyyoung
g g ( )
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66.4  

(BIMUTAS

) 5

5-500Hz

(31 ) ( 6-4)

500ms

92) 10%

93) base line base line

2 SD 94-9 7) 3 SD

98-101 )
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Marking
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66.5  

( 6-1)( 6-6)  

 

mean sd median first quartile third quartile mean sd median first quartile third quartile
Rt SM** -53.6    134.2    -85.8    -127.8    -29.3    162.0    92.0    129.9    94.3    202.7    
Lt SM** -62.2    136.3    -95.6    -135.9    -35.8    177.7    97.0    147.1    115.3    261.1    
Rt AD† 988.1    627.2    990.4    377.2    1389.0    697.4    286.2    659.2    527.7    876.1    
Lt AD 560.9    548.3    466.0    272.3    775.4    566.5    250.0    529.1    428.3    688.8    
Rt TBL** ‡ 1407.9    318.9    1398.0    1174.1    1668.8    543.7    264.8    491.0    357.8    654.3    
Lt TBL** † 1516.9    797.8    1439.4    1159.5    2269.0    582.2    291.4    557.6    373.0    726.2    
Rt URA ‡ 270.5    181.9    239.5    132.9    412.1    303.7    125.2    329.2    190.2    358.0    
Lt URA † 237.3    187.1    240.0    106.8    375.9    291.3    132.9    296.6    199.0    325.2    
Rt EO ‡ 499.3    253.9    500.4    342.5    594.0    453.0    185.3    460.1    327.9    561.5    
Lt EO ‡ 522.2    224.8    513.3    349.3    660.9    407.7    217.9    416.3    243.2    553.5    
Time required* ‡ 3326.0    648.9    3128.3    2796.3    3823.4    3949.0    797.3    3953.2    3298.8    4383.5    
*: p<0.05  **: p<0.01
†: welch two sample t-test ‡: two sample t-test

young erderly

[ms ]  
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