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INTRODUCTION 

 

A common measure in prolonged standing research 

includes weight distribution changes over time, 

measured in the form of weight shifts, fidgets, and 

transfers, as an attempt to contextualize how people 

facilitate joint load relief and increased blood flow 

[1-5]. 

 

The simplest analysis methods compare center of 

pressure (COP) or percent bodyweight (%BW) to a 

defined threshold [1,4].  Cham and Redfern (2001) 

defined weight shifts as a change of any duration in 

the lateral COP beyond 10% of the total COP range 

seen for the trial [1].  A weight shift defined by 

Wiggermann and Keyserling (2011) required that the 

subject change the distribution of bodyweight 

between the following groups and sustain that 

change for greater than 7.5 seconds: (1) >80 %BW 

on the left leg, (2) >80 %BW on the right leg, or (3) 

>20 %BW on each leg simultaneously [4]. Prado et 

al (2011) calculated a cumulative sum of positive and 

negative changes in vertical ground reaction forces 

between legs compared to a user defined bodyweight 

threshold [5].  

 

Inconsistency across methodologies yields varying 

results, which tell different stories about the same 

data [6].  Methods in prior literature only count the 

number of instances that force and/or time pass a 

certain threshold. The proposed method uses 

articular cartilage viscoelastic material properties as 

an inspiration to differentiate fidgets and shifts using 

both time and %BW moving threshold components. 

 

METHODS 

 

Eight healthy adults (two females, six males) were 

screened and consented to participate in the study. 

Mean ± standard deviation participant demographics 

were as follows: age 22.5 ± 2.4 years, height 177.8 ± 

11.2 cm, mass 79.9 ± 13.0 kg, BMI 25.3 ± 3.8 kg/m2. 

 

Two balance plates (BP5050, Bertec Corporation, 

Columbus OH) were used to track postural 

movements during standing at a sampling rate of 

1000 Hz.  Each subject stood with a foot on each 

plate for six hours and were instructed to maintain 

ground contact with both feet during the entire 

testing session.  During standing, subjects were 

allowed to weight shift, but were not instructed to do 

so.  A standing desk was provided so that subjects 

could perform a computer task. 

 

Using Matlab, data was down sampled to 20 Hz for 

analysis.  The force output from each plate was 

analyzed to investigate the weight endured by the left 

and right feet during standing.   

 

The main variables of interest for this study were 

shifts and fidgets between states.  A standing state is 

a maintained +/- 10 %BW on the dominant leg for 

>7.5 seconds.  A weight shift is a change between 

states.  A fidget is a fast movement out and back into 

the same state, lasting between 0.75 and 7.49 

seconds. Movements lasting <0.75 seconds were 

eliminated as noise.  Shifts and fidgets were 

identified computationally using Matlab.  All outputs 

were examined by two reviewers for appropriateness 

of the identified events. Fidgets associated with 

pushing off or recoiling into another state were 

termed “bunny ears” (due to the shape of the curve) 

and were manually removed from the dataset when 

erroneously identified as isolated events. When 

fidgets were found clustered together without an 

appreciable change in %BW between them, one 

fidget was manually identified as a representative for 

that fidget event.  Discrepancies between reviewers 

were discussed with a third researcher until a 

consensus could be reached.  
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RESULTS AND DISCUSSION 

 

Subject data was used to identify shift and fidget 

events by the proposed method as well as shift events 

using the methods previously reported by Cham [1], 

Wiggerman [6], and Prado [7] (Table 1). 

 

A Spearman correlation of shifts and shifts + fidgets 

by each method during the first and sixth hours found 

relationships reported in Table 2. 

 

As expected, most methods did not result in 

statistically significant correlations between shifting 

or shifting + fidgeting events.  Wiggermann’s 

method counts extreme events also observed using 

the proposed method—therefore it is expected that 

these methods would be correlated, indicated in 

Table 2.  Furthermore, visual observation of subject 

COP data indicates that shifting and fidgeting 

frequency and amplitude increase over time, which 

is detected by Prado’s method, as well as the 

proposed method [5]. 

 

The proposed method identifies postural changes in 

ways similar to previously presented, but classifies 

them in ways that provide more information about 

the time and magnitude of the postural strategy used. 

This helps gain a better understanding of what 

amount of weight may be tolerated by the body 

before postural adjustment is initiated as well as the 

temporal quality of the strategy. 

 

CONCLUSIONS 

 

This paper describes a new method for identifying 

postural change events during prolonged standing. 

Future work may consider analyzing weight shifting 

strategies that individuals use to decrease discomfort 

over time as a means to classify subgroups of 

prolonged standers. Subgroup analyses can provide 

more appropriate between subject comparisons. 
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Table 1. Comparison of events identified in subject data using the four analysis methods. 
  Hour 1 Hour 6 

  C:S W:S D:S P:S P:F C:S W:S D:S P:S P:F 

S
u

b
je

ct
 #

 

04 38 3 7 7 7 178 25 12 45 8 

08 123 0 3 6 28 245 7 31 39 67 

10 280 0 4 4 21 314 0 5 0 46 

11 312 0 86 2 21 1839 3 223 10 53 

12 201 0 3 0 36 558 0 41 4 120 

13 186 7 26 35 45 676 19 46 83 78 

14 81 0 10 0 13 725 0 16 0 66 

15 179 0 5 2 9 1561 0 10 11 49 

C:S – Cham:Shifts      W:S – Wiggerman:Shifts      D:S – Prado:Shifts      P:S – Proposed:Shifts      P:F – Proposed:Fidgets 

 

Table 2. Spearman r comparing shift events at Hour 1 and Hour 6. 
 Hour 1 Hour 6 

 W:S D:S P:S P:F+S W:S D:S P:S P:F+S 

C:S -0.312 0.108 -0.193 0.381 -0.431 0.357 -0.252 0.143 

W:S  0.408 0.773* 0.327  0.342 0.855* 0.152 

D:S   0.152 -0.204   0.299 0.738* 

C:S – Cham:Shifts      W:S – Wiggerman:Shifts      D:S – Prado:Shifts      P:S – Proposed:Shifts      P:S+F – Proposed:Shifts + Fidgets 

P values > 0.05, unless indicated.  * P values < 0.05 
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