The effect of speed on responses to mechanical perturbations
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1. Background & Problem statement

2. Takeaways & Future directions

Application of mechanical perturbations has been a viable approach in
probing neural control of balance and stability of walking [13].
.

Similar to previous studies we saw a planar covariation pattern between foot,
shank and the thigh angles during walking under perturbations.
.

Unlike previous studies on unperturbed walking our analysis of walking under
mechanical perturbations did not show lower scaling exponents at normal speed
compared to fast walking. In fact, perturbed walking exponent at fast speed was
not significantly different than white noise exponent (i.e., 0.5). This may
suggest a difficulty in control at higher speeds and the effect of perturbation on
breaking the longrange correlations (i.e., the need for more urgent control
actions may limit the capacity of individuals in relying on past information).
Interestingly more subjects showed antipersistent correlations at fast speed.

Previous research has shown similar motor coordination of lower
extremities at different speeds of walking [4], [5]. However, new studies
have argued in favor of differences in control at different speeds [6], [7].
Analysis of unperturbed walking strides has shown a significant effect of
speed on longrange correlations by some studies [8], [9] but not all [10].
.

To better understand how gait is controlled at different speeds we apply
mechanical perturbations and we quantify planar covariation of lower
limb elevation angles at different walking speeds under perturbation.
Additionally we explore the differences in stride variability at different
speeds of perturbed walking using detrended fluctuation analysis (DFA).

3. Results
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How much humans rely on the information from previous strides to control the
stability of gait in upcoming strides has profound implications for design of
controllers in neuroprosthetics. Future studies will further investigate the
memory effects of perturbations in control of gait under different conditions.
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(a) Comparison of average joint angles during perturbations between slow (0.8 m/s) and fast (1.6 m/s) walking. (b) Planar covariation of
elevation angles of foot, shank and thigh compared between slow (0.8 m/s), normal (1.2 m/s) and fast (1.6 m/s) walking under perturbations.
(c) Coefficients of variation and scaling exponents for all subjects walking at slow, normal and fast speeds under perturbations.

4. Methods summary
Nineteen subjects walked on an instrumented treadmill at speeds of 0.8, 1.2 and 1.6 m/s during trials of 300 sec.
.

Pseudorandom signals were designed similar to our previous study and were applied to the belt speed to create
anteroposterior perturbations while mediolateral perturbations were applied to the treadmill concurrently [11].
.

EMG was recorded from 14 muscles and kinematics was recorded with motion capture. All data were averaged
across all gait cycles and all subjects. The shaded regions in graphs show 95% confidence intervals for averages..
Planar covariation of elevation angles during perturbation was quantified using principal component analysis (PCA).
For all subjects at all speeds two PCs explained more than 99% of the variability in the data similar to observations
during unperturbed walking [4], [5].
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.

Coefficient of variation (CV) and scaling exponent α were calculated for all subjects. α is a measure of longrange
correlations and is calculated using detrended fluctuation analysis (DFA) [8], [9].
Oneway ANOVA showed significant effect of speed on CV and α [12]. Tukey multiple comparisons test showed
this effect was due to the CV and α being significantly different for the slow speed. Student ttest showed the
average values of α for the slow and normal walking being significantly above 0.5 (i.e., white noise scaling
exponent) while the comparison for fast walking did not reveal a significant difference from white noise exponent.
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