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1. Introduction
Gait stability is crucial for functional independence in 
older adults, as it is closely associated with an increased 
risk of  falls and mobility loss. While physical activities 
like running offer significant health benefits, they chal-
lenge gait stability (Savelberg et al. 2007).

To effectively assess stability, one should quantify var-
iability between and within an individuals, as excessive 
fluctuations in stride parameters can indicate compro-
mised control mechanisms. One approach to measur-
ing variability is through signal entropy, capturing the 
complexity and adaptability of  gait patterns. Higher 
entropy may indicate a healthier, more adaptable sys-
tem, whereas lower entropy can reflect rigidity, chaos 
or loss of  control.

By analysing gait entropy alongside traditional meas-
ures of  inter-subject variability like the coefficient of  
variation (CV), we aim to improve understanding of  
gait stability differences between a young and older 
population during running.

2. Methods
Fifty-nine young and older adults (young & old age: 
27±5 & 73±5 years, mean ± SD) participated in this 
study. Age groups were further split about evenly by 
physical activity level (less and more active), based on 
the median level of  physical activity, measured via the 
Global Physical Activity Questionnaire. All partici-
pants provided informed consent, and procedures were 
approved by the local ethics committee.

Subjects ran on an instrumented treadmill at 9 and 
12 km h⁻¹ for 15-30 s, and ground reaction forces were 
recorded over 30 to 80 strides per trial.

Gait variability was computed with approximate 
entropy (ApEn) as in (Chon et al. 2009) on the vertical 
force signal (Fv) over all full strides and compared to 
spatiotemporal parameters. To measure inter-subject 
variability we computed the coefficient of  variation 
( ). Effects of  age and activity level were evaluated 
via a linear mixed model.

3. Results and Discussion
Step frequency (SF) increased within age (F = 12.9, 
p < 0.001) but training had no effect in either popu-
lation (p = 1). While average SFs were similar within 
age groups, the CV in the older population was two 
times larger in the untrained group compared to the 
trained group.

ApEn increased with training at old age (F = 5.8, 
p = 0.006) but was not different between young trained 
and untrained populations (p = 1). Furthermore, despite 
the increased signal predictability in the untrained older 
population, the ApEn CV was twice as large compared 
to the trained older population.

Table 1. Coefficient of variation for SF and ApEn.

Y- Y+ O- O+

CV - SF 0.014 0.015 0.036 0.018

CV - ApEn 0.045 0.045 0.139 0.049
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Figure 1. A) Typical trace of all steps, grey and average, 
thick line for two separate old less trained, left and 
trained, right subjects. Below: SF (B) and ApEn (C) in 
young and old populations at different physical activity 
levels.
Superscript: - indicates less trained and + more trained

In what may seem contradictory, as stability decreases 
under complex conditions— such as running on une-
ven vs even surfaces—the motor system becomes less 
complex yet more robust (Santuz et al. 2018).

Here, we show that when older adults run on a tread-
mill, a task demanding both muscular and stability 
control, they increase their step frequency to shorten 
step length and enhance stability. Furthermore, when 
comparing older trained and untrained adults, we 
show that the untrained group has higher inter-subject 
variability and lower entropy.

It has been shown in fast repetitive upper limb move-
ments rely more on feedforward control and existing 
internal models, due to high processing time, (Correia 
et al. 2022). Thus, at high SFs, this reliance is more 
pronounced, reducing the adaptability of  the movement 
to perturbations and generating less variable (more 
robust) movement patterns, similar to the observations 
of  Santuz et al. (2018). Furthermore, the larger coeffi-
cient of  variation in the untrained group shows a less 
apt internal strategy for adapting to such situations.

Trained older adults had higher entropy, indicating a 
more refined motor control system likely due to the larger 

muscular strength (Nuñez-Lisboa and Dewolf  2024), 
supporting adaption to challenging conditions.

This could also explain why no difference in variability 
was observed between trained and untrained younger indi-
viduals. While younger participants also show differences 
in maximal quadriceps force, the difference is far lesser 
between both groups (Nuñez-Lisboa and Dewolf  2024).

A large limitation was that more than half  of  the 
untrained older subjects were unable to match the 
required task and maintain it for the entire trial. In the 
future, decreasing the speed and increasing the sample 
size could perhaps improve results.

4. Conclusions
Untrained older individuals exhibited more robust 
force patterns but less refined internal models. Training 
improved motor control, increasing variability to 
enhance adaptability.

In walking a general observation was that older adults 
had similar neuromechanical strategies to younger 
participants (both in less and more active individuals), 
here, although trained older adults did not display the 
same step frequency or entropy values as younger indi-
viduals, their increased entropy suggests an alternative 
but effective motor strategy, reflecting improved adapt-
ability rather than a return to youthful patterns. These 
results highlight the importance of  physical activity in 
mitigating age-related declines in gait stability.
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