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1 INTRODUCTION  

Most studies use linear measures of center of pressure (CoP) to quantify postural control [1], but 
given its complexity, nonlinear analysis of CoP is of increasing interest in the field. Approximate 
entropy (ApEn) is one example of a nonlinear CoP analysis measure. ApEn is a system 
complexity and regularity measure that quantifies the randomness in a time series in various 
situations [2]. It is a valuable measure of postural control complexity used to describe postural 
control changes [3]. This study aimed to analyze the effect of two cognitive tasks with different 
difficulty levels in postural control complexity on the static standing posture in young adults. 

2 METHODOLOGY 

According to eligibility criteria, thirty-six healthy young adults (age=23.08±3.92 years) were 
recruited and signed informed consent to participate in this study. The Ethics Committee of the 
Polytechnic Institute of Coimbra approved the study. Young adults performed three tasks, each 
one during 60s, with 45s rest period between tasks: a single task (ST: keeping a quiet standing 
posture); an easy cognitive dual-task (easy cogn-DT: maintaining a quiet standing posture while 
performing adding and subtracting calculations with one digit or memorizing the color of the 
figure displayed on the smartphone screen), and a difficult cognitive dual-task (difficult cogn-DT: 
maintaining a quiet standing posture while performing adding and subtracting calculations with 
one or two digits or memorizing figure’s color, number, and the image displayed on the 
smartphone screen). The center-of-pressure time series displacements (ApEn) for the anterior‐
posterior (ApEn‐AP) and medial‐lateral (ApEn‐ML) components of CoP and the excursion of the 
CoP in medial‐lateral (CoP‐ML) and anterior‐posterior (CoP‐AP) directions were collected from 
a Bertec® force plate (model FP4060-07-1000; Bertec Corporation, Columbus, OH, USA). The 
CoP‐ML and CoP-AP data were filtered using a 50 Hz low-pass filter, a 7th order Butterworth, 
and they were processed after the assessment with a Matlab routine (version R2020b, The 
Mathworks, Inc., USA). The algorithm for calculating ApEn begins with the time series data of 
length N with an embedding dimension, m (pattern length), and a lag. The time series of length 
N is divided into short vectors of length [3]. The ApEn algorithm was calculated by applying the 
following Equation (1):  
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2.1 STATISTICAL ANALYSIS 
The normality of the distribution of the CoP data was tested with the Shapiro-Wilk test. The 
Friedman test was used to compare the differences between the ST, easy cogn-DT, and difficult 
cogn-DT for each linear and nonlinear parameter, with post hoc Bonferroni correction to evaluate 
pairwise comparisons. The CoP data are represented in median values and interquartile range 
(IQR). The statistical analysis was performed using IBM-SPSS 25.0 software. The significance 
level was set at p<0.05. 

3 RESULTS 

The comparison of the excursion of CoP and ApEn in AP and ML directions  (linear and nonlinear 
analysis of CoP) between the different tasks is represented in Table 1.  

Tabela 1 - Comparisons of displacements of the center of pressure and CoP time series displacements in anterior-
posterior and medial-lateral directions among single task and easy and difficult cognitive dual tasks, median (IQR). 

 
 Single Task 

Easy Cognitive 

Dual-Task 

Difficult Cognitive 

Dual-Task 
p-value1 

Linear 

measures 

CoP‐AP 

(mm/s) 

1837.57  
(1650.85–2156.71) 

1947.95  
(1749.31–2274.04) 

1965.44  
(1790.44–2362.37) 

<0.001* 

CoP‐ML 

(mm/s) 

1224.69  
(1076.46–1404.73) 

1262.54  
(1120.56–1529.01) 

1285.30  
(1187.67–1512.78) 

<0.001* 

Nonlinear 

measures 
ApEn-AP 1.04 (0.91–1.24) 1.02 (0.71–1.24) 0.90 (0.67–1.14) 0.032* 

ApEn-ML 1.18 (0.92–1.52) 1.02 (0.73–1.30) 1.02 (0.66–1.28) 0.001* 

CoP-AP and CoP-ML, displacements of the center of pressure in anterior-posterior and medial-lateral direction, 
respectively; ApEn-AP, Approximate entropy for anterior‐posterior components of the CoP coordinate time series; 
ApEn‐ML, Approximate entropy for medial‐lateral components of the CoP coordinate time series. 1Friedman test 

(differences between the three tasks); * p < 0.05. 

Linear analysis showed an increase in displacements of the CoP in the AP and ML direction from 
ST to easy cogn-DT to difficult cogn-DT. CoP nonlinear analysis showed a decrease in the ApEn‐
AP and ApEn‐ML time series values from the ST to both cognitive dual‐tasks with different 
challenging levels (p<0.05). The post hoc analysis showed differences between ST and easy cogn-
DT and between ST and difficult cogn-DT (p<0.05) in CoP linear analysis. In nonlinear analysis, 
there were found differences between ST and easy cogn-DT in ApEn‐ML and between ST and 
difficult cogn-DT in ApEn-AP and ML (p<0.05). However, no differences were found between 
cognitive dual-task with different difficulty levels in both CoP analyses (p>0.05). 

4 DISCUSSION/CONCLUSION 

In this study, we used a nonlinear analysis to understand how complex postural control is when 
performing DT with different levels of cognitive difficulty. Both linear and nonlinear analyses 
showed that postural control was worse during the cognitive DT compared to the single task. In 
conclusion, performing any cognitive task while standing, regardless of its difficulty, led a 
decrease in postural stability during DT conditions. However, difficult cogn-DT presented less 
complexity and more regularity in body sway than easy cogn-DT when compared to the ST. 
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