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Table 1. Associations of energy value changes with three groups and four stance tasks 

	Frequencies

Groups/Tasks/Interactions
	Low Frequency Band Energy
	Middle Frequency Band Energy
	High Frequency Band Energy

	
	No Adjustment
	Adjusted
	No Adjustment
	Adjusted
	No Adjustment
	Adjusted

	
	
	
	
	
	
	

	(Intercept)
	2.00
	4.77
	0.21
	-1.52
	0.19
	1.54

	factor(GROUP)2
	2.29
	2.79
	1.11
	2.02
	0.39
	0.09

	factor(GROUP)3
	2.12
	2.01
	0.96
	0.81
	0.20
	-0.09

	factor(SOT)2
	-0.38
	-0.38
	0.07
	0.07
	-0.00
	-0.00

	factor(SOT)3
	2.14
	2.14
	0.99
	0.99
	0.03
	0.03

	factor(SOT)4
	3.75
	3.75
	2.46
	2.46
	0.10
	0.10

	factor(GROUP)2:factor(SOT)2
	7.20
	4.89
	3.86
	2.89
	2.74
	1.51

	factor(GROUP)2:factor(SOT)3
	10.31
	8.78
	3.12
	2.43
	1.21
	0.31

	factor(GROUP)2:factor(SOT)4
	62.85*
	42.59*
	17.73*
	13.01*
	4.71*
	0.71

	factor(GROUP)3:factor(SOT)2
	6.95
	2.28
	1.98
	0.97
	0.27
	-0.51

	factor(GROUP)3:factor(SOT)3
	19.68*
	11.10#
	3.19
	-1.44
	6.69*
	0.25

	factor(GROUP)3:factor(SOT)4
	66.39*
	43.38*
	9.19*
	1.01
	8.44*
	-1.17


Table 1. Dynamic energy value changes of SCA and MSA-C with healthy controls and/or first stance task (SOT 1) as reference. Group 2: SCA, spinocerebellar ataxia, Group 3: MSA, multiple system atrophy, SOT: sensory organization test, Adjusted factors: age, sex, occurrence of falls and postural tremors. *significant difference with P<0.05,  #marginal significance with P≈0.05. See also Figure 1-3.
Table 2  Associations of energy value changes with two ataxia groups and four stance tasks 

	Frequencies

Factors/Interactions
	Low Frequency Band Energy
	Middle Frequency Band Energy
	High Frequency Band Energy

	
	No Adjustment
	Adjusted
	No Adjustment
	Adjusted
	No Adjustment
	Adjusted

	(Intercept)
	4.06
	8.43
	1.27
	0.59
	0.58
	3.96

	factor(GROUP)3
	0.06
	-0.65
	-0.11
	-1.50
	-0.18
	-0.02

	factor(SOT)2
	6.82
	4.50
	3.93
	2.97
	2.74
	1.56

	factor(SOT)3
	12.45*
	10.91#
	4.10*
	3.42
	1.25
	0.38

	factor(SOT)4
	66.60*
	46.31*
	20.19*
	15.41*
	4.81*
	0.80

	(GROUP)3:factor(SOT)2
	-0.25
	-2.61
	-1.88
	-1.94
	-2.47
	-2.08

	(GROUP)3:factor(SOT)3
	9.37
	2.28
	0.07
	-3.81
	5.48*
	0.21

	(GROUP)3:factor(SOT)4
	3.54
	0.75
	-8.55*
	-11.92*
	3.74
	-1.55


Table 2. Dynamic energy value changes of MCA with SCA and/or first stance task (SOT 1) as reference. Group 3: MSA, multiple system atrophy, SOT: sensory organization test, Adjusted factors: age, sex, occurrence of falls and postural tremors. *significant difference with P<0.05,  #marginal significance with P≈0.05.

Table 3. Associations of energy value distribution (proportion) changes with three groups and four stance tasks 
	Frequencies
Factors/Interactions
	 Low Frequency Band Energy Proportion
	 Middle Frequency Band Energy Proportion
	High Frequency Band Energy Proportion

	
	No Adjustment
	Adjusted
	No Adjustment
	Adjusted
	No Adjustment
	Adjusted

	
	
	
	
	
	
	

	(Intercept)
	86.76 *
	93.54 *
	11.88 *
	5.59 
	1.36 
	1.54 

	factor(GROUP)2
	-11.31 *
	-14.18 *
	8.28 *
	10.99 *
	2.88 #
	2.71 

	factor(GROUP)3
	-13.31 *
	-12.89 *
	9.64 *
	9.64 *
	3.51 *
	3.11 *

	factor(SOT)2
	-4.44  
	-4.44 
	4.16 
	4.16 
	-1.14 
	-1.14 

	factor(SOT)3
	-13.45 *
	-13.45 *
	13.42 *
	13.42 *
	0.02 
	0.02 

	factor(SOT)4
	-18.71 *
	-18.71  *
	18.40 *
	18.40 *
	0.29 
	0.29 

	factor(GROUP)2:factor(SOT)2
	-7.55  
	-5.85 
	6.37 
	6.25 
	0.44 
	-1.14 

	factor(GROUP)2:factor(SOT)3
	8.76#
	10.07 *
	-9.43 *
	-9.56 *
	0.67 
	-0.51 

	factor(GROUP)2:factor(SOT)4
	15.59 *
	16.53  *
	-16.35 *
	-14.08 *
	0.75 
	-2.73 

	factor(GROUP)3:factor(SOT)2
	4.04
	3.96 
	-3.11 
	-2.51 
	-3.06 
	-3.64 *

	factor(GROUP)3:factor(SOT)3
	7.39 
	17.59 *
	-16.57 *
	-17.97 *
	9.35 *
	0.63 

	factor(GROUP)3:factor(SOT)4
	22.39 *
	33.94 *
	-25.49 *
	-25.44 *
	3.28 
	-8.42 *


Table 3. Postural sway components (Energy value proportion) trajectory with healthy controls and/or first stance task (SOT 1) as reference. Group 2: SCA, spinocerebellar ataxia, Group 3: MSA, multiple system atrophy, SOT: sensory organization test, Adjusted factors: age, sex, occurrence of falls and postural tremors. *significant difference with P<0.05, #marginal significance with P≈0.05.

Table 4. Associations of energy value distribution (proportion) changes with two ataxia groups and four stance tasks  
	Frequencies
Factors/Interactions
	Low Frequency Band Energy Proportion
	Middle Frequency Band Energy Proportion
	High Frequency Band Energy Proportion

	
	No Adjustment
	Adjusted
	No Adjustment
	Adjusted
	No Adjustment
	Adjusted

	
	
	
	
	
	
	

	(Intercept)
	75.89 *
	77.30 *
	19.66 *
	17.31 *
	4.33 *
	5.79 *

	factor(GROUP)3
	-2.44
	2.65
	1.86
	-2.10
	0.54
	0.24

	factor(SOT)2
	-11.99 *
	-10.45 *
	10.53 *
	10.48 *
	-0.71
	-2.24

	factor(SOT)3
	-4.69
	-3.50
	3.99
	3.92
	0.69
	-0.46

	factor(SOT)4
	-3.12
	-2.47
	2.05
	4.50
	1.05
	-2.43

	(GROUP)3:factor(SOT)2
	11.59 *
	9.92 *
	-9.48 *
	-8.80 *
	-3.49
	-2.55

	(GROUP)3:factor(SOT)3
	-1.37
	6.76
	-7.14 *
	-8.08 *
	8.68 *
	1.39

	(GROUP)3:factor(SOT)4
	6.81
	16.57 *
	-9.14 *
	-11.01 *
	2.52
	-5.40 *


Table 4. Postural sway components (Energy value proportion) trajectory with SCA and/or first stance task (SOT 1) as reference. Group 3: MSA, multiple system atrophy, SOT: sensory organization test, Adjusted factors: age, sex, occurrence of falls and postural tremors. *significant difference with P<0.05, #marginal significance with P≈0.05.

Table 5. Frequency shift analysis by correlating energy value proportions (postural components) with total energy values (total sways)

	Groups
Frequency components
	HC
	SCA
	MSA

	LFP
	-0.319* 
	0.158 
	0.230* 

	MFP
	0.328* 
	-0.160 
	-0.417* 

	HFP
	0.247* 
	0.043 
	0.242* 


Table 5. In normal stance total energy values have positive relations between MFP and HFP, while the relation with LFP was negative. These findings indicate frequency shift and intact balance. These relationships are almost the opposite in MSA group while they are absent in SCA. LFP/MFP/HFP: low/middle/high frequency band energy value proportion. *p<0.05
Table 6. Relationship between postural sway components (energy values and proportions) 

	Groups
Frequency components
	HC
	SCA
	MSA

	LFV vs MFV
	0.597*
	0.711*
	0.518*

	LFV vs HFV
	0.546*
	0.221*
	0.591* 

	MFV vs HFV
	0.778*
	0.421*
	0.504*

	LFV vs LFP
	-0.119
	0.267*
	0.349* 

	MFV vs MFP
	0.670*
	0.091
	0.086

	HFV vs HFP
	0.487*
	0.564*
	0.614* 

	LFP vs MFP
	-0.999*
	-0.954*
	-0.796*

	LFP vs HFP
	-0.434*
	-0.324*
	-0.524*

	MFP vs HFP
	0.433*
	0.051
	-0.061


Table 6. Correlation analysis between low, middle and high frequency band energy values and their corresponding proportions. The highest coefficient between energy values were found between MFV and HFV in healthy controls, between LFV and MFV in SCA, and between LFV and HFV in MSA. With the increase of MFV, MFP also increased significantly in healthy controls. While, the HFP increased with HFV in SCA and MSA. LFV/MFV/HFV: low/middle/high frequency band energy value. LFP/MFP/HFP: low/middle/high frequency band energy value proportion. *p<0.05

Figure 1. Low frequency band energy value increments with test difficulties in three groups
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Figure 1. Compared with normal adults, low frequency band value (LFV) was significantly elevated with test difficulties in SCA and MSA patients. The LFV of SCA and MSA was comparable.
Figure 2. High frequency band energy value increments with test difficulties in three groups
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Figure 2. Both SCA and MSA-C had higher increments than healthy controls in SOT 4 test. increments of HFV was significantly higher in MSA-C has that of SCA in SOT 3 test. 

Figure 3. Middle frequency sway proportion trajectory in SCA patients after stratification by fall occurrence 
[image: image3.png]MP

30

2

20

15

10

FALL_TOTAL

NEW_VIDX





Figure 3. In SCA patients with better postural stability (fall<=1), there was transient elevation of MFP in SOT 2 tests. In SCA patients with worse postural stability (fall>=2), the MFP did not change with test difficulties, indicating no frequency shift.

