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Quantitative evaluation of physical activities in stroke patients before and
after leaving hospital using a wearable posture changes and gait analysis
system: Simultaneous comparison examination with Life-Space
Assessment
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ABSTRACT:

It is important to evaluate quantitatively physical activity and gait state for stroke patients before and after
leaving hospital. In this study, using a wearable posture changes and gait analysis system, measurements of the
activities of daily living for patients were carried out on 5 occasions: in hospital, after leaving hospital, and 1, 2
and 3 months after leaving hospital. As a result, detailed information has been measured, as the ratio of standing
and walking, the frequency of posture change, the steps, the frequency of gait, the moving distance during stance
phase of a paralyzed side, and the average walking speed. Moreover, the relevance of the evaluation index of this
system and Life-Space Assessment, LSA was checked from the result of correlation analysis. And, about each
measurement time, | revealed what physical activity of the patient will affect the range of activity. Therefore, this
technique was useful to physical activity and gait state for stroke patients before and after leaving hospital.

Key words: Wearable posture changes and gait analysis system,  Stroke patients,
Before and after leaving hospital
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Fig. 1 Wearable monitoring system for posture changes and activities, showing
(a) overview of monitoring system, (b) outline of analytic method for
patient’s gait to obtain angles in heel contact and heel off and walking
speed using a two-link gait model.
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F: Average walking speed (m/s)

G: LSA; Life-Space Assessment (score)

Fig. 2 Judgment algorithm of physical activity based on the wearable monitoring system
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Table. 1 Subject details

Paralyzed

Higher brain The period from the

Subject  Age Gender Diagnosis side dysfunction Gait level onset (Tfa disea.se to
leaving hospital

Casel 68 Male Cerebral infarction Right aphasia, apraxia care 156

Case2 76 Male Cerebral embolism Left none Independence 91

Case3 65 Male Cerebral infarction Left none Independence 95

Case4 79 Female Cerebral infarction Left none Independence 94

Case5 69 Male Cerebral infarction Right none Independence 148

Case6 45 Male Cerebral bleeding Left agnosia monitoring 228

Case7 72 Male Cerebral bleeding Left agnosia Independence 114

Case8 79 Female Cerebral infarction Left agnosia Independence 155

Case9 65 Male Subarachnoid hemorrhage Both none Independence 36
Casel0 61 Male Hypertensive intracerebral hemorrhage Left none Independence 136
Casell 70 Female Subarachnoid hemorrhage Left agnosia Independence 152
Casel2 75 Female Cerebral infarction Right none Independence 158
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(A) === Ratio of standing and walking (%) (E) == Movement distance of lower limbs
of a paralyzed side (m)

(B) =A== Frequency of posture change (time) (F) === Average walking speed (m/s)
*The value of a graph is x100.

(C) =H== Steps (steps) (G) 1 LSA score (score)
*The value of a graph is 1/10.

(D) === Frequency of gait (time)
*The value of a graph is x10.

Fig. 3 Transition of physical activity of case 2, case 6, and case 8
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Table. 2 Results of evaluation for physical activities obtained from the wearable system
and the score of Life-Space Assessment, LSA. The definition of A~G and the
notation of activities judgment are shown in Fig. 2. The each value in ‘‘Leaving
hospital’” are compared with “‘In hospital’’. The each value in ‘“After 1 manth’’,
““After 2 months’’, and ‘“After 3 months’’ are also compared with ‘‘leaving
hospital’’. Their increases, decreases, and maintenances are shown as denotation
of (1), (1), and (=) respectively. Especially in F, the falls of the walking speed

of 30% or more are shown as ( | ).

Case 1 Case 7
Inhospital _ Leaving hospital _ After I month __ After 2 months __ After 3 months Inhospital  Leaving hospital _ After I month _ After 2 months _After 3 months
A (%) 29 19< 1> 59.2(1) 104(1) 0(l) A (%) 8.1 274<1> 342(1) 315(1) 1501y
B (time) 145 2<1> 51(=) 90(T) 0(l) B (time) 108 BI<T> 267(1) 172(1) 139 (=)
C (steps) 184 21> 84(1) 1n2(1 o(l) C (steps) 404 1004 < 1> 1010 (=) 1324 (1) 286 (1)
D (time) 2 0<1> 1(h 0(=) 0(—) D (time) 7 17<1> 9(l) 7(h) 12(h)
E (m) 2.12 13< 1> 0.96 (1) 12(=) 0(l) E (m) 91.1 129< 1> 100.41 (1) 96.06 (1) 2287(1)
F (m's) 0.04+0.02 0.11:0.05 0.1+0.05 0.11:0.13 - F (m/s) 0.270.09 0230.11 0.23+0.16 0.26+0.18 031=0.18
G (score) 4 4<-> () 7(1) (1) G (score) 6 17<1> 2(1) 21(1) 21
Judgment — X © @ X Judgment = [©] [©] ©] X
Case 2 Case 8
In hospital Leaving hospital  After 1 month  After 2 months  After 3 months In hospital Leaving hospital  After 1 month  After 2 months  After 3 months
A (%) 8.1 §< 1> 65.8(1) 249(1) 65.9(1) A (%) 24 141< 1> 9(l) 18(1) 10(l)
B (time) 176 181 <=> 255(1) 388(1) 253(1) B (time) 389 208< 1> 157(1) 161 (1) 255(1)
C (steps) 1158 28 < 1> 1262(1) 682(1) 3740 (1) C (steps) 1204 696 < 1> 138(1) 100(1) 250 (1)
D (time) 15 9< 1> 13(h e 10(1) D (time) 8 §<—> 10(1) 4l s(ly
E (m) 126.96 1505 < 1> 0.46(1) 54.18(T) 417.09(1) E (m) 68.05 3469 < 1> 138(1) 4.08(1) 1744 (1)
F (m's) 055¢0.22  028:0.15< 1> 0.35:0.17 0.35:0.21 0.45:0.17 F (m/s) 0.38+0.16 031021 0.39+0.37 0.38:0.34  0.16x0.16 (1)
G (score) 6 264<1> 12(1) 20(1) 36(1) G (score) 4 0<1> 10 (=) 13(1) 14(1)
Judgment — X (Ol (ol [©) Judgment — A A X ¥
Case 3 Case 9
In hospital Leaving hospital  After | month  After 2 months _ After 3 months In hospital Leaving hospital  After | month  After 2 months __ After 3 months
A %) 6.7 68.1<1> 254(1) 243(1) 174 (1) A(%) 482 208< 1> 18.1(1) 57(1) 257(1)
B (time) 123 203< 1> 214(~) 72(1) 50(1) B (time) 254 147 <> 265(1) S18(T) 157 (=)
C (steps) 318 5146 < 1> 1938 (1) 1674 (1) 1600 (1) C (steps) 1612 978 < 1> 978 (=) 3441y 1346 (1)
D (time) 3 9< 1> 9(=) 13(1) 41y D (time) 18 <> 13(1) 41y 15(1)
E (m) 47.04 52934 <1>  27541(1) 151.29 (1) 2575(1) E (m) 239.06 71.97< 1> 109.65 (1) 1539(1) 146.64 (1)
F (m's) 0.5:0.25 0.66+0.19 0.54+0.2 034:0.12(1)  0420.14 (1) F (mis) 0.5:0.25 0.410.25 0.4240.3 0.34+0.25 0.360.19
G (score) 6 2<T> 34(=) 4(>) 34(=) G (score) 8 28<1> 30(=) 28(=) 30(=)
Judgment - © A A A Judgment - X @] % €]
Case 4 Case 10
In hospital Leaving hospital _ After 1 month  After 2 months  After 3 months In hospital Leaving hospital  After | month  After 2 months _ After 3 months
A (%) 69.5 243< 1> 8.1(1) 73.8(1) 56.9(1) A %) 47 487 <—> 57(1) 133(1) 32(1)
B (time) 142 21<1> 316(1) 322(1) 529(1) B (time) 204 237<1> 183(1) 169 (1) 144(1)
C (steps) 1492 1034 < 1> 2258 (1) 2796 (1) 2626 (1) C (steps) 1084 1448 < 1> 3048 (1) 630 (1) 2468 (1)
D (time) 15 1B3<I> 14(=) 15(1) 62(1) D (time) 31 29 <—> 19(h) 12(h) 18(1)
E (m) 191.97 4932< 1> 183.12(1) 159.45(1) 3185(1) E (m) 157.3 147.93 <—=> 407.6(1) 29.04 (1) 464.5(1)
F (m/s) 043:0.23 028018 < 1> 0.54:0.28 0.41:0.26 0.34:0.24 F (mis) 0.39:0.19 0310.2 0.46+0.2 02:02(1) 0.59:0.25
G (score) 6 2<1> 29(1) 29(1) 29(1) G (score) 16 28<1> 25(1) 341 34(1)
Judgment - pd © © © Judgment - © @1 X A
Case 5 Case 11
In hospital Leaving hospital _ After 1 month  After 2 months _ After 3 months In hospital Leaving hospital  After | month  After 2 months __ After 3 months
A (%) 169 0<1> 0(=) 8(T) 0(=) A (%) 229 84< 1> 194(1) 64.6(1) 15(1)
B (time) 602 17<i> 17(=) 9(T) 3(h) B (time) 291 159 < 1> 166 (=) 261 (1) 213(1)
C (steps) 820 0< 1> 0(=) 66(1) 0(—) C (steps) 1372 122<1> 528(1) 818(T) S78(T)
D (time) 6 0< 1> 0(=) 21 0(=) D (time) 8 1<1> 6(1) (1) 1
E (m) 49.03 0< > 0(=) 1.69(1) 0(=) E (m) 137.37 945< 1> 56.13(1) 3757(1) 5026 (1)
F (m's) 0.380.31 - 0.22:0.13 - 0.23:0.14 F (m's) 0.37+0.17 0.350.26 0.29:0.17 031022 035021
G (score) 6 §<1> 12(h 12(h) 12(h) G (score) 12 12<=> 14(1) 16(1) 19(1)
Judgment X o © X Judgment X © © ©
Case 6 Case 12
In hospital Leaving hospital _ After 1 month  After 2 months _ After 3 months In hospital Leaving hospital _ After | month  After 2 months _ After 3 months
A (%) 14.6 05< 1> 13(1) 10(1) 12(1) A (%) 472 71< 1> 0l 13.8(1) 208(1)
B (time) 155 <> Bl 245(1) 150 (1) B (time) 293 91<1> 161 (1) 332(1) 345(1)
C (steps) 310 4<1> 10(1) 330(1) 744 (1) C (steps) 1990 %< > 0(l) s8(1) 108(1)
D (time) 7 0< > 2(h 21 16(1) D (time) 16 2< 1> 10(1) 41(1) 6(T)
E (m) 15.74 0<1> 04(T) 8.68(1) 4829(1) E (m) 304.45 584<1> 3329(1) 43.13(1) 9.6(1)
F (m's) 0.1550.08  0.04:0.02< 1> 0.08:0.06 0.11:0.11 0.1420.16 F (m's) 0370.19  0.25:0.16 < | > - 0.110.17 (1) 0.2+0.09
G (score) 6 8§<1> 8(>) 1 1 G (score) 0 10<1> 12(1) 20(1) 2(1)
Judgment - X © © © Judgment — ¥ A © ©
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Table. 3 Results of significant differences between the analysis values obtained from
the wearable system and the LSA scores in 12 subjects. The correlation
coefficient are also shown in each value.

The index of physical activity computed

Measurement time

After

by the wearable posture changes and gait analysis system Ini leaving After 1 After 2 After 3
hospital hospital month months months
A: Ratio of standing and walking (%) 0.09 0.79** 0.20 0.26 0.74%*
B: Frequency of posture change (time) - 0.07 0.17 0.70* 0.23 0.22
C: Steps (steps) -0.02 0.70* 0.77** 0.59* 0.86**
D: Frequency of gait (time) 0.52 0.64* 0.60* 0.36 0.37
E: Movement distance of lower limbs of a paralyzed side (m) - 0.01 0.69* 0.77** 0.65* 0.48
F: Average walking speed (m/s) 0.18 0.77%%* 0.77%%* 0.50 0.90**
** p<0.01  * p<0.05 (n=12)
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