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SUMMARY 
 
Twelve female participants with multiple sclerosis (MS) and 
12 age- and sex-matched controls completed two postural 
tasks: quiet stance and maximum backward lean, for the 
purpose of assessing the complexity of their center of 
pressure. Multiscale entropy (a measure of complexity) was 
used to assess the time series of center of pressure patterns. 
Twenty time scales (0.01-0.2s) were used to compute  
complexity indices. It was observed that during quiet stance 
and maximal backward lean MS patients had significantly 
reduced complexity in the medio-lateral center of pressure 
while no change was observed in the anterior-posterior 
center of pressure complexity. This indicates that postural 
control deficits in MS are shown by reduced complexity and 
thus rduced adaptability in the medio-lateral direction. 
Although these medio-lateral changes in entropy of the 
control of the center of pressure may be an adaptation to 
control difficulties in the anterior-posterior direction, the 
lateral control changes may also play a role in postural 
instability and the increased risk of falling in this 
population. 
  
INTRODUCTION 
 
Multiple Sclerosis (MS) is a chronic auto-immune disorder 
characterized by demyelination of the neurons of the central 
nervous system. The resulting impairment can have effects 
on both motor and sensory function due to a reduced 
conductivity of the neurons. Poor balance, resulting in an 
increased rate of falling compared to age matched controls, 
is a common symptom in individuals with MS [1,2]. 
 
It has recently been demonstrated that MS patients restrict 
their center of pressure (CoP) excursion during 
reaching/leaning tasks, and this behavior may serve a 
functional role in preserving upright stance, at the cost of 
sacrificing postural exploration. Additionally it has been 
shown that MS patients have increased CoP sway as well as 
decreased temporal margins (‘time-to-contact’) to the 
stability boundary [3]. These postural control changes may 
result in the need for greater corrective control in order to 
maintain upright posture, and a lapse in this control could 
result in the inability to maintain the desired posture.  
 
The ability to correct and adapt postural control patterns can 
be examined through entropy analysis. Multiscale entropy is 
a measure that examines patterns in a time series at different 
time scales with the goal of gaining insight into their spatio-
temporal complexity [4]. This method has been previously 
applied to a variety of biological signals ranging from 
postural center of pressure to heart rate variability and DNA 
sequencing [4,5,6]. Reductions in entropy and complexity 
have been found as a result of the aging process and various 
neurological and orthopedic disorders [5,6,7]. 
 
The purpose of this study was to examine the multiscale 
entropy of CoP time series in the anterior-posterior and 
medio-lateral directions to determine whether reduced 

complexity is observed in the postural control dynamics of 
MS patients compared to controls. We hypothesized that 
multiscale entropy would be reduced in MS patients 
compared to controls under both quiet standing and a more 
challenging postural control task. 
 
METHODS 
 
Twelve females with MS and 12 age, height, weight and 
sex-matched controls completed testing procedures after 
providing written informed consent, approved by the 
University of Massachusetts Human Subjects Review 
Board. This same data set was examined earlier for 
asymmetry of posture as well as CoP sway [3]. MS patients 
exhibited mild-to-moderate physical impairment, as 
characterized by an Expanded Disability Status Scale 
(EDDS) Kurtzke [8] score of 4.0 (±1.4). 
 
Each participant completed one trial for two postural tasks: 
quiet stance and maximum backward lean, with feet parallel, 
a stance width of 33cm and eyes open.  Each posture was 
recorded for 25s, with the final 20s used for multiscale 
entropy analysis. Subjects stood with one foot on each of 
two strain gauge force plates (AMTI, Newton, MA), 
sampled at 100Hz. Forces, collected in all 3 axes, were used 
to calculate the center of pressure under each foot. These 
forces were combined to calculate the net center-of-
pressure, which was low-pass filtered at 8Hz with a 
Butterworth filter, via custom-written MatLab code.  
 
Multiscale entropy [9], computed as the sample entropy 
(Eqn. 1) at several time scales (Eqn. 2), was used to assess 
the complexity of the CoP for each participant, and group 
means were compared. In calculating sample entropy (SE). 
m is the number of comparisons and r is the similarity 
criterion. The parameters used in the calculation of 
multiscale entropy were r=15% of the mean time series 
standard deviation for each group and m=2. Twenty time 
scales (0.01-0.2s) were used to assess the complexity index 
(Cr) (eqn. 3), calculated as the numerical integral of the 
multiscale entropy curve spanning the time scales of 
interest. 
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A Student’s t-test was used to detect significant differences 
in Cr between groups (α=.05) for each postural task, in each 
plane of the CoP time series.  
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RESULTS AND DISCUSSION 
 
MS patients exhibited a significant reduction in medio-
lateral Cr during quiet stance (p<.001) (Figure 1) and 
maximum backward lean (p<.001). No differences were 
observed in the Cr of anterior-posterior CoP. The multiscale 
entropy for the time scales in the range 0.01-0.2s are 
presented for the medio-lateral direction in Figure 2 and for 
the anterior-posterior direction in Figure 3. 
 

Figure 1:  Complexity index of the anterior-posterior 
and medio-lateral CoP during quiet stance. MS vs. CON. 
* p<0.001 

  
Figure 2: Multiscale entropy of the medio-lateral CoP 
during quiet stance.       MS, - - - CON 
 
Significant reduction in complexity in the medio-lateral CoP 
during quiet stance indicates that MS patients may sacrifice 
complexity/adaptability in this plane to maintain normal 
complexity in the anterior-posterior plane of motion.  
 
In the maximum backward lean similar results are observed, 
where subjects reduce their CoP complexity in the plane 
normal to that of the perturbation. This could indicate that 
control perpendicular to that of the perturbation is sacrificed 
in order to maintain control in the direction of the 
perturbation. The reduced complexity and control in the 
medio-lateral direction could possibly leave subjects 
vulnerable to falls. Prior research on postural control 
changes due to aging has shown that changes in medio-
lateral control are significant predictors for falls [10]. The 
observed reductions in multiscale entropy in the medio-
lateral direction in the MS group adds to earlier findings in 
which the temporal margin (time-to-contact) to the stability 

boundary (formed by the feet) is reduced [3]. However, it 
cannot be derived from the current data whether lower time-
to-contact in postural control in MS results in reduced 
entropy or whether reduced entropy results in reduced 
‘awareness’ of postural control relative to the stability 
boundary in this population.  
 

Figure 3: Multiscale entropy of the anterior posterior 
CoP during quiet stance.        MS, - - - CON 
 
CONCLUSIONS 
 
Multiscale entropy analysis revealed decreased complexity 
in the medio-lateral time series of the CoP in people with 
MS compared to age- and gender-matched controls during 
quiet stance and maximum backward lean. These results 
indicate that MS patients with mild-to-moderate physical 
impairment sacrifice complexity in CoP patterns in the plane 
normal to a perturbation while maintaining complexity in 
the direction of disturbance. 
 
Multiscale entropy analysis is a promising and powerful tool 
to assess the nature of postural control in health and disease. 
In the current study, the entropy analysis revealed 
systematic reductions in the complexity of postural control 
during quiet standing and challenging postural tasks. The 
observed changes in entropy may impact the ability of 
people with MS to adapt and control their posture, possibly 
resulting in a loss of balance and a greater risk for falls. 
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