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1. Introduction 
Postural stability is a prerequisite to the 
performance of most of our daily motor tasks. Gait 
initiation, the transient period between quiet 
standing and steady-state walking, is a functional 
task classically used in the literature to evaluate the 
capacity of healthy individuals and neurological 
patients to maintain stability under dynamic 
conditions (Yiou et al. 2017). Postural stability 
during gait initiation is commonly evaluated 
through the “margin-of-stability”, a quantity which 
takes into account both the position and velocity of 
the centre-of-mass  within the base-of-support (Hof 
et al. 2005). This quantity is often computed from 
force plate system recordings (e.g. Yiou et al., 

2016). This study tested the agreement between 
the force plate system (considered here as the “gold 
standard”) and markerless motion capture system, 
an innovative and easy-to-use technology, to 
estimate the MoS during gait initiation in young and 
elderly healthy adults as well as in patients with 
Parkinson’s disease. Markerless motion capture 
system uses standard video and deep learning-
based software to detect body segment landmarks 
directly from digital images (Kanko et al. 2021). In 
the present study, the focus was put on the margin-
of-stability along the mediolateral direction, 
because controlling stability along this direction is 
known to be particularly challenging during 
locomotor tasks. 
 
2. Methods 
2.1 Population 
Thirty-three participants divided into three groups 
(young healthy, elderly healthy, and patients with 
Parkinson's disease) took part in the experiment 
which was conducted in accordance with the 
Declaration of Helsinki. 
 
2.2 Experimental Set-up and procedure 
Participants initiated gait from the standing 
posture and continued walking to the end of a six-
meter track. Gait was initiated at a spontaneous 
velocity ("spontaneous velocity condition") and at 
a maximum velocity ("maximum velocity 
condition"). The force plate system was composed 
of two force plates (400x600mm, AMTI, USA) 
placed in series and embedded at the beginning of 
the walking track. The markerless motion capture 
system was composed of twelve Qualisys Hybrid 
cameras (Qualisys, Göteborg, Sweden) which 
recorded the body motion during the entire gait 
initiation process and the subsequent steps. 
 
2.3 Margin of stability 
The margin-of-stability was computed as the 
difference between the mediolateral base of 
support boundary (BoSymax) and the mediolateral 
position of the “extrapolated centre-of-mass” at the 
time of foot-contact (yCoMFC), i.e 
MoS=BoSymax−yCoMFC. yCoMFC was calculated as 
follows: yCoMFC=yCoMFC+y'CoMFC/ω0, where 
yCoMFC and y’CoMFC are respectively the 
mediolateral centre-of-mass position and the 
velocity at foot-contact; ω0 is the eigenfrequency of 
the body modelled as an inverted pendulum, 
calculated as:  
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𝜔𝜔0 = �g
𝑙𝑙
, where g is the gravitational acceleration 

and l is the length of the inverted pendulum (57.5% 
of body height (Winter,2009)). 
 
2.4 Statistics 
For each trial, the margin-of-stability was 
computed with both systems. To investigate the 
agreement between force plate system and 
markerless motion capture system, a Bland-Altman 
analysis was performed. Bland-Altman plots were 
generated for each velocity condition and group, 
with the horizontal axis representing the average 
MoS obtained using the two systems, and the 
vertical axis representing the difference between 
the two systems. The lack of agreement between 
the two systems was summarised by calculating the 
bias, estimated by the mean difference (d) and the 
standard deviation of the differences (SD). 
Repeated-measures (RM) ANOVA with the Velocity 
(spontaneous velocity condition vs. maximum 
velocity condition) and System (force plate system 
vs. markerless motion capture system) as within-
subject factors, and the Group (young healthy, 
elderly healthy adults, patients with Parkinson's 
disease) as between-subject factor were also 
carried out. 

3. Results and discussion  

 
Figure 1. Bland-Altman plots showing the margin-
of-stability obtained with the two systems (mean 
values, in abscissa), against the difference between 

these two systems (in ordinate), for the young 
healthy adults (YH), elderly healthy adults (EH) and 
PD groups. Each point represents one trial for one 
participant. Reported are the absolute values 
obtained in the spontaneous (left) and maximum 
(right) velocity conditions (SVC and MVC, 
respectively). For each plot, the 95% limits of 
agreement (red dotted lines), standard deviation 
(green dotted line) and bias (blue full line) are 
shown. 
 
In spontaneous velocity condition (Figure 1), 
Bland-Altman analysis showed that 95% of the 
absolute differences between the two 
measurement systems ranged between -0.01 and 
0.02 m for young healthy (which corresponded to a 
[−17 and 20%] range of relative difference), -0.02 
and 0.02 m for elderly healthy adults ([−23 and 
26%]) and -0.02 and 0.03 m for patients with 
Parkinson's disease ([−28 and 30%]). In maximum 
velocity condition (Figure 1), 95% of the absolute 
differences between the two systems ranged 
between -0.02 and 0.03 m for young healthy ([−21 
and 25%]), -0.02 and 0.03 m for elderly healthy  
adults ([−27 and 36%]) and -0.04 and 0.04 m for 
patients with Parkinson's disease ([−41 and 37%]). 
Absolute bias was very close to zero and the 
deviation was considered neglectable for each 
velocity condition and group, indicating that the 
accuracy of the markerless motion capture system 
was good. RM ANOVA further showed that there 
was a significant main effect of the Group 
(F[2,476]=5.7, p<0.001) and the Velocity 
(F[1,476]=28.1, p<0.001) on the margin-of-
stability. In contrast, there was no significant main 
effect of the System, nor any significant interaction 
between factors. In other words, although 
relatively high differences in the margin-of-stability 
do occur between markerless motion capture 
system and force plate system on a trial-by-trial 
basis, these two systems are similarly effective in 
detecting an effect of the group and velocity on the 
margin-of-stability. 
 
4. Conclusions 
Results of the present study add to the growing 
body of evidence in the literature that markerless 
motion capture system is a sufficiently reliable tool 
to investigate gait initiation biomechanical features 
in healthy participants and patients with 
Parkinson's disease patients (Simonet et al. 2024). 
This statement may have important implications in 
both clinical and laboratory settings due to the ease 
of use of markerless motion capture system 
compared to force plate system. 
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