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Table 1. Characteristics of subjects grouped according to stroke and fall

Normal Stroke without fall Stroke with fall
Case number 25 15 18
Age (y/o) 63.361+8.29 63.0016.04 62.821+6.42
Sex: M 10 7 12
F 15 8 6

Side affected

Left 7 3

Right 8 15
Type of stroke

Hemorrhage 5 7

Infarction 10 11
Brunnstrom stage

I-111 7 11

IV-VI 8 7
Spasticity

NO-mild 10 8

mod-severe 5 10
Duration of stroke (years) 3.06+2.51 2.46+2.00
Body Height (cm) 156.38 +6.89 156.73 £7.58 160.58 £6.15
Body Weight (Kg) 57.8148.04 62.631+9.14 62.86+10.74
Max hand grasp (Kgw)* 26.294+9.07 21.774£9.47 19.1148.56
Time needed to turn round oneself (sec)” 3.31+1.60 8.454+6.5 10.7045.77

+ p <0.05 significant difference between normal and stroke without fall and stroke with fall.
*  p<0.05 significant difference between normal and stroke with fall.
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Table 2. Comparison of the force plate parameters during sit to stand in the three groups.

Normal Stroke without fall Stroke with fall
Duration (sec)++ * 1.884+0.48 2.734+1.19 4324222
LR-VF-Diff (% of body weight)++ 17.41+5.96 41.86+£20.87 52.87418.42
Max VF (overshoot) (% of body weight)+ 114.32+9.06 107.19£8.75 103.26£6.49
Rate of rise in force (Kg/s)++ * 85.96+42.4 55.23+31.24 23.78£17.38
COP X (cm)+ * 6.73+3.22 12.05+£8.00 21.054+9.91
COP Y (cm)** 8.48+2.20 10.234+3.35 13.134+9.16

LR-VF-Diff = vertical force difference between left and right.

COP X = center of pressure in medio-lateral displacement.

COP Y = center of pressure in antero-posterior displacement.

++ p < 0.005 significant difference between normal and stroke without fall , stroke with fall.
+ p < 0.05 significant difference between normal and stroke without fall , stroke with fall.

* p <0.05 significant difference between stroke without fall and stroke with fall.

** p <0.05 significant difference between normal and stroke with fall.
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Fig 1. Comparison of vertical force change during subject sitting in a chair and rising to a standing position
in normal subjects, stroke patients without fall and stroke patients with fall. The slope of the curve
between the two “ * “ indicate the rate of rise in force (dF/dT) during rising from a chair.
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Table 3. Comparison of the force plate parameters during stand to sit in the three groups

Normal Stroke without fall Stroke with fall
Duration (sec)* 2.634+0.61 397%+1.12 4.73+1.34
L-R-VF-Diff (% of body weight)* 14.78+5.4 43.814+22.21 47.264+16.50
COP X (cm)™ 5.844+2.99 8.86+£3.53 12.92+6.66
COP Y (cm) 8.554+2.58 8.70+£2.18 9.4443.26

* p <0.005 significant difference between normal and stroke without fall , stroke with fall.
+ p < 0.05 significant difference between normal and stroke without fall , stroke with fall.

Table 4. Comparison of left to right vertical force difference and maximal COP sway during standing for 10
seconds in the three groups

Normal Stroke without fall Stroke with fall
L-R-VF-Diff (% of body weight)*  7.80+3.78 18.33+12.04 22.26418.30
COP sway (cm)
Forward 0.7440.53 1.06+0.60 0.92+0.68
Backward 0.9610.75 1.15+£0.54 1.35+£0.95
Sound side 0.46+0.93 (right) 0.8040.46 0.5540.53
Affected side 0.33+£0.22 (left) 0.514+0.36 0.63+0.41

* p <0.005 significant difference between normal and stroke without fall , stroke with fall.

COP sway indicate maximal displacement in centimeter related to center of pressure.

Table 5. Comparison of left to right force difference and maximal COP sway during lateral reach to the
sound side in the three groups

Normal Stroke without fall Stroke with fall
L-R VF-Diff (% of body weight) 87.354+8.98 71.38+11.59 80.14+12.02
COP sway (cm)
Forward 3.4941.40 2.80+1.95 3.05+1.85
Backward 1.724+1.78 1.85+1.42 2.11+1.99
Sound side* 15.81+£3.64 14.00+4.88 10.2843.09

* p <0.05 significant difference between normal and stroke with fall.
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Table 6. Comparison of left to right vertical force difference and maximal COP sway during lateral reach to
the affected side in the three groups

Normal Stroke without fall Stroke with fall
L-R VF-Diff (% of body weight)* 87.35+8.98 59.924£25.00 45.671+17.03
COP sway (cm)
Forward 3.49+1.40 3.40+2.80 3.61+2.12
Backward 1.72+1.78 1.78+1.18 1.354+0.95
Affected side+ 15.814+3.64 1.79+1.22 0.55+0.53

* p <0.05 significant difference between stroke without fall and stroke with fall.

+ p < 0.005 significant difference between normal and stroke without fall , stroke with fall.

Table 7. Comparison of left to right vertical force difference and maximal COP sway during forward reach

in the three groups

Normal Stroke without fall Stroke with fall
L-R VF-Diff (% of body weight)* 22.18+7.41 32.38+18.09 38.10+15.74
COP sway (cm)
Forward" 7.51£2.02 6.70+3.34 6.14+2.41
Sound side* 1.91+1.58 4214292 3244315
Affected side” 1.91+1.58 2.2242.19 3.53+2.88

* p <0.05 significant difference between normal and stroke without fall , stroke with fall.

+ p < 0.05 significant difference between normal and stroke with fall.
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The Kinetic Assessment of Sit-to-Stand In
Stroke Patients and Its Relationship to Fall

Pao-Tsai Cheng, Shu-Hsia Wu*, Mei-Yun Liaw, Pay-Shin Lin, May-Kuen Wong,
Hsieh-Ching Chen**, Fuk-Tan Tang

Department of Rehabilitation Medicine, Chang Gung Memorial Hospital
Department of Biomedical Engineering, Chung Yuan Christian University*
Department of Industrial Engineering and Management, Chaoyang Institute of Technology**

Fall has been reported as a major cause of morbidity, hospitalization and mortality of older
people. Stroke patients are more prone to fall than non-stroke subjects, because of the pathological
conditions inposing upon the physiological aging process. Since fall is so frequent, fall prevention
strategies should therefore be developed and included in rehabilitation programs.

Falls are associated with many physical and environmental factors. Excluding tripping, many of
the falls in stroke patients occurred during the patients changing their positions, such as standing up,
sitting down or initiation of steps. Therefore, the purpose of this study is focus on the kinetic analysis
of rising / sitting down activities and to find its relationship to the fall in stroke patients.

Totally 25 normal subjects, and 33 stroke patients (18 faller , 15 non-faller ) were included in this
study. There was a significant difference between stroke patients and normal controls in the tested
motor tasks--the stroke patients favoured their non-affected leg. The body weight distribution was
asymmetric while patients rising/sitting down spontaneously. The vertical floor reaction force
difference between affected and non-affected leg was 53% of body weight in stroke patients with fall,
42% of body weight in stroke without fall (p<0.05), while only 17% in the normal control (p<0.005).
The rate of change in force (dF/dT) for rising from the chair was calculated from the data collected by
computer. Stroke patients with fall had significantly lower dF/dT than non-fallers,(23.78+17.38 Kg/sec
vs 55.23 + 31.24 Kg/sec, p<0.05).As compared to the normal control dF/dT (85.96 + 42.4
Kg/sec),stroke patients had significant low dF/dT (p<0.005). The hemiplegic patients have also shown
significantly increased postural sway, especially in medio-lateral direction while rising/sitting down,
p<0.05. The centers of pressure (COP) sway were greater in medio-lateral direction than
antero-posterior direction in stroke patients during rising/sitting down. In contrast, the COP sway were
greater in antero-posterior direction in normal controls. With feet parallel, the stroke patient was
deficient in shifting weight toward the hemiplegic leg (p<0.05).( J Rehab Med Assoc ROC 1997; 25(2):
119 - 127)

Key words: sit to stand, stroke, fall, kinetic analysis
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