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Introduction: An individual's stability is vital to their 
health, indicating independence and fall risk in aging 
populations [1]. The Margin of Stability (MoS) has been 
adapted from static posture to walking but is limited to 
specific timed metrics [2]. Previous work suggests that 
quantifying changes in stability from one step to the 
next could insightfully assess an individual's stability by 
classifying their current step as stable, recovering, 
unstable, or destabilizing [3]. Building on this work, we 
propose extending the medial-lateral (ML) MoS 
reporting across the entire gait cycle as a stability 
waveform. 

Research Question: What is a useful method of 
visualizing the MoS during walking to assess an 
individual's dynamic stability? 

Methods: We acquired treadmill walking data for 18 
aging adults (10 male, 8 female, age 63 ± 8 years) from 
a public dataset [4]. Participants walked at 70% and 
130% of self-selected walking speed (SWSS), and 4 
participants used hand rail support. We computed the 
MoS using a Base of Support (BoS) defined by Heel, M1, 
and M5 markers [5]. Moments when the extrapolated 
Center of Mass (xCoM) was inside the BoS were noted 
as 0, while xCoM extending beyond the BoS to the right 
(left) was noted as positive (negative) MoS. Modeling 
and processing were done in Visual3D and Sift 
(HAS-Motion Inc.). We used a Python autocorrelation 
function on MoS signals, normalized to 101 points per 
stride, to find the appropriate lag value of an 
autoregressive model [6]. The MoS was plotted against 
its autoregressed version for visualization.  

Results: Our analysis found that the MoS 
autocorrelation between a current stride and the 
preceding one was strongest at the gait cycle's full 

Figure 1: ML MoS of the current right stride 
(i) against the previous stride (i-1)  for 
participants walking with and without 
railing support at 70% SSWS and 130% SSWS 
speeds. 
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length (lag of 100 points). Plotting this relationship showed a recurring pattern between quadrants 1 and 3. 
Higher walking speeds resulted in larger magnitude MoS scores and participants who held the railing had 
smaller magnitude MoS scores than participants who did not. Additionally, the MoS pattern of individual 
strides can be compared against those of a group, providing context for individual assessment.  

Discussion: Our method builds on previous work comparing MoS scores between consecutive heel strikes 
by visualizing these scores across the entire gait cycle. Although “unstable” walking is indicated by a 
negative or positive MoS, our method suggests the recurring pattern between quadrants 1 and 3 is a 
hallmark of stable walking. Maintaining this pattern may be more critical to stability during gait than by 
assessing a discrete MoS value. We should assess instability as the degree to which an individual deviates 
from this established pattern and shifts into quadrants 2 or 4. 
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