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Hong Kong / Hospital Authority Hong Kong West Cluster (Appendix E). 

 

 

3.1  Subject’s characteristics 

30 Subjects who fulfilled the inclusion criteria were recruited by means of 

convenience sampling from a neurological rehabilitation ward in Tung Wah Hospital 

in Hong Kong during the period January, 2007 to January, 2008. Their demographic 

characteristics were shown in table 2. Eighteen of them are male and twelve of them 

are female. Their mean age is 64 ± 13 years (range 28-84) the stroke had occurred 

6-98 days (mean: 27 days). Most of them (24 out of 30) suffered from ischemic 

stroke while a few of them (6 out of 30) were suffering from hemorrhagic stroke. 

The numbers of left and right hemiplegia were similar (left: 16, right: 14). Their 

mean balance score (BBS) was 43. 

Table 2. Demographic characteristics of the 30 subjects 

Sex Male: 18,  Female: 12 

Age (years old) Mean ± SD: 64 ± 13  

Type of stroke Infarct: 24,  Hemorrhage: 6 

Hemiplegic side Left: 16,  Right: 14 

Days after stroke (days) Mean ± SD: 27±20 
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Berg’s balance scale (BBS) Mean ± SD: 43±3 

 

3.2  Ground reaction force  

The mean GRF in the mid-stance phase of the thirty subjects in three different 

walking conditions were shown in Table 3. The values were expressed as mean ± 

standard deviation. For the paretic leg, the values were 688.8 ± 186.63, 696.23 ± 

115.22 and 670.17 ± 156.80 Newton for walk unaided, with stick and with 

quadripod respectively. Then for the non-paretic leg, the values were 724.2 ± 123.06, 

738.03 ± 109.22 and 750.53 ± 123.68 Newton for walk unaided, with stick and with 

quadripod respectively. 

Table 3.  Mean GRF in mid-stance of the 30 subjects in three different walking 

conditions and results of the Friedman Test, repeated measure ANOVA and the 

Mann-Whitney Test to elicit difference between the three walking conditions 

 

 GRF in mid-stance (Newton): Mean ± SD p-values  

Unaided Stick Quadripod 

Paretic leg 688.8±186.63* 696.23±115.22 670.17±156.80* 0.004  

Non-paretic leg 724.2±123.06 738.03±109.22 750.53±123.68 0.118  

% difference 4.9 5.7 10.7  

Remarks: * denotes a significant difference at p<0.017 level after Bonferroni’s adjustment.  
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The Mann-Whitney Test in Table 13and 14 in appendix B showed that there was no 

significant difference in the mean GRF in mid-stance phase between the paretic and 

non-paretic limbs in walking unaided (Z= -0.27 and p=0.79) and walking with stick (Z= 

-1.46 and p=0.145). However, significant difference was found between the two lower limbs 

in walking with quadripod (Table 15 in appendix B, Z= - 2.02 and p= 0.04).  

Symmetry was defined as difference between the two lower limbs was less than 

6% (Kim & Eng 2003). Therefore, in walking unaided or with stick, the mean GRF 

in mid-stance phase over the paretic and non-paretic limbs were similar because 

their percentages of difference (Table 4: 4.9% for unaided walking and 5.7% for 

walking with stick) were less than 6%. But walking with stick tends to be 

asymmetry.  However, asymmetry result between the two lower limbs was 

definitely found in walking with quadripod. It’s percentage of difference was 10.7%. 

As refer to Table 4 in appendix B, repeated measure ANOVA showed that there 

was no statistical significant difference in mean GRF in mid-stance phase over the 

non-paretic limb in the three walking conditions. However, significant difference 

was found in paretic limb in Friedman Test (Table 5 in appendix B) with 

p-value=0.004 and Chi-square=11.11. Then post-hoc test, Wilcoxon Signed Ranks 

Test (appendix B: table 6), showed that the mean GRF in mid-stance phase in 

subjects who walk with quadripod was significantly lower than walk unaided 

(p=0.014 and Z=-2.45). 
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3.3  Temporal symmetry 

The mean symmetry values of the thirty subjects in three different walking 

conditions were shown in Table 4. The values were expressed as mean ± Standard 

Deviation. The swing symmetry were 1.47 ± 0.73, 1.40 ± 0.68 and 1.44 ± 0.71 for 

walk unaided, with stick and with quadripod respectively. Then the stance symmetry 

were 0.79 ± 0.26, 0.82 ± 0.25 and 0.79 ± 0.24, whereas the overall temporal 

symmetry were 1.7 ± 1.11, 1.6 ± 1.06 and 1.65 ± 1.01 for walk unaided, with stick 

and with quadripod respectively. 

Table 4.  Mean symmetry values of the 30 subjects in three different walking 

conditions and result of the Friedman Test to elicit difference between the three 

walking conditions. 

 Symmetry values: Mean ± SD  

p-values  Unaided Stick Quadripod 

Swing symmetry 1.47 ± 0.73 1.40 ± 0.68 1.44 ± 0.71 0.059 

Stance symmetry 0.79 ± 0.26  0.82 ± 0.25 0.79 ± 0.24 0.059 

Overall temporal symmetry 1.7 ± 1.11 1.6 ± 1.06 1.65 ± 1.01 0.101 

All of the symmetry values were deviated from symmetry. The swing 

symmetry values in three walking conditions were ≥ 1.40, whereas the stance 

symmetry values were ≤ 0.82. These results indicated the paretic limb has prolonged 

swing time and decreased stance time when compared with the non-paretic limb. 

Moreover, the overall temporal symmetry values were ≥ 1.6 implied that significant 
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preference to rely on non-paretic limb during walking. According to the results of 

the Fridman Tests (Table 7, 8, 9 in Appendix B), There was no significant difference 

in mean values of swing symmetry, stance symmetry and overall temporal symmetry 

among walk unaided, with stick and with quadripod, whereas p=0.059 and 

chi-square = 5.66, p=0.059 and chi-square = 5.66, and p= 0.101 and chi-square = 

4.588respectively. 

The overall temporal symmetry values for the three walking condition were 

then further classified into three groups with reference to Patterson et al (2008), the 

details are shown in Table 5a & 5b.  

Table 5a. The prevalence overall temporal symmetry values in different groups 

under the three walking conditions 

 Overall Temporal symmetry group 

 Normative (0.90-1.10) Mild (0.51-0.89/1.11-1.50) Severe (>1.50 / 0.50) 

 

O
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U S Q U S Q U S Q 

1.1 1.1 1.03 1.44 1.46 1.47 5.87 5.74 5.64 

1.08 1.07 1.02 1.35 1.39 1.4 4.11 3.95 3.42 

1.08 1.04 1.01 1.27 1.29 1.37 2.87 2.93 2.71 

1.07 1.03 1 1.22 1.17 1.28 2.84 2.67 2.68 

1.01 1.03 1 1.16 1.17 1.27 2.68 2.2 2.65 

1.01 1 0.98 1.15 1.14 1.27 2.63 2.08 2.5 

0.9 0.99 0.96 1.13 1.12 1.24 2.21 2 2.23 
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0.9 0.96 0.95 1.13 1.12 1.19 2.11 1.99 1.97 

 0.96 0.93 1.12 0.83 1.12 1.93 1.58 1.89 

 0.94 0.92 0.81 0.63 0.77 1.66 1.51 1.76 

   0.63   1.65   

 Remarks: U-unaided, S-stick, and Q-Quadripod 

 

Table 5b. The overall temporal symmetry in different group under the 3 walking 

conditions  

 

Overall Temporal symmetry group 

Normative (0.90-1.10) Mild (0.51-0.89/1.11-1.50) Severe (>1.50 / 0.50) 

U S Q U S Q U S Q 

Mean ± S.D. 

1.01±  

0.08 

1.01± 

0.05 

0.99± 

0.03 

1.13± 

0.23 

1.13± 

0.25 

1.31± 

0.09 

2.78 ± 

1.24 

2.67 ± 

1.30 

2.98± 

1.16 

Number of subjects & % of all subjects 

8 

(27%) 

10 

33% 

10 

33% 

11 

37% 

10 

33% 

10 

33% 

11 

37% 

10 

33% 

10 

33% 

 Remarks: U-unaided, S-stick, and Q-Quadripod 

 

Interestingly, the prevalence of overall temporal asymmetry among the thirty 

subjects in walk unaided was74% (twenty-two out of thirty) and for walk with stick 

or quadripod was 66% (twenty out of thirty). 
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3.4  Gait speed  

The mean self-selected comfortable gait speeds of the 30 subjects in three 

different walking conditions are shown in Table 6. The values are expressed as mean 

± Standard Deviation. The value for walk unaided is 0.43 ± 0.18 m/s, whereas for 

walk with stick is 0.40 ± 0.16 m/s and for walk with quadripod is 0.39 ± 0.14 m/s. 

Table 6.  Mean gait speed of the 30 subjects in three different walking conditions & 

result of the Friedman test to elicit difference between the three walking conditions 

 

As shown in Table 11 in Appendix B, the result of the Friedman test showed 

that there was significant difference in self-selected comfortable gait speed among 

the three walking conditions (P = 0.019 and Chi-square = 7.90). Then post-hoc test, 

the Wilcoxon Signed Ranks Test (appendix B: table 12), found that the mean values 

of self-selected comfortable walking speed was significant lower in walk with stick 

when compared with walk unaided (p = 0.008 and Z = -2.64). Moreover, walking 

with quadripod was also found to be significantly slower than walking unaided (p = 

0.01 and Z = -2.57). However, no significant difference was found in self-selected, 

comfortable gait speed between walk with stick and walk with quadripod (p = 0.23 

and Z = -1.2). 

Self-selected comfortable speed (m/s): Mean ± SD p-value 

Unaided Stick Quadripod 

0.43 ± 0.18 0.40 ± 0.16  0.39 ± 0.14 0.019 
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3.5 Correlation between ground reaction force and gait speed 

The correlations between self-selected gait speed and men GRF in mid-stance 

phase of paretic and non-paretic leg in three different walking conditions are shown 

in Table 7. 

Table 7.  Pearson correlation between self-selected gait speed and mean GRF in 

mid-stance phase of paretic and non-paretic leg in three different walking conditions 

Paretic leg GRF against walking speed Pearson Correlation (r)  p-values 

 Unaided 0.391 0.033 

 Stick 0.135 0.478 

 Quadripod 0.455 0.014 

Non-paretic leg GRF against walking speed   

 unaided 0.140 0.46 

 stick 0.027 0.889 

 quadripod 0.189 0.317 

 

The Pearson Correlation showed that there was no correlation between 

self-selected comfortable walking speed and mean GRF at mid-stance phase of both 

lower limbs in walking unaided and with stick, whereas r=0.027 to 0.39 and p>0.05. 

In walking with quadripod, there was no correlation between gait speed and mean 

GRF at mid-stance phase of the non-paretic limb, whereas r=0.189 and p>0.05. 
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However, there was a modest correlation for the paretic limb (r=0.445, p=0.014). 

 

3.6 Correlation between absolute temporal symmetry and gait speed 

The correlations between self-selected gait speed and absolute temporal 

symmetry in three different walking conditions are shown in Table 8. 

Table 8. Pearson correlation between self-selected gait speed and absolute temporal 

symmetry in three different walking conditions 

 

There was a modest negative correlations between self-selected walking speed 

and absolute temporal symmetry for all the three walking conditions, whereas 

r=-0.578, p=0.001 for unaided walking, r=-0.528, p=0.003 for stick walking and 

r=-0.579, p=0.001 for quadripod walking. 

 

 

 

Absolute temporal symmetry 

against walking speed  

Pearson Correlation (r) p-values 

unaided - 0.578 0.001 

Stick - 0.528 0.003 

quadripod - 0.579 0.001 


