The neuromuscular effects of exoskeleton assistance on
balance depend on task difficulty
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Introduction

Results: Longer MG fascicles with exoskeleton assistance for some balance tasks
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= Maintaining balance requires constant monitoring of the ankle
muscles and integration of proprioceptive information.

= Exoskeletons may disrupt neuromuscular function required for
standing balance, but these ideas remain unexplored.23
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Fig. 3. Muscle activation of MG (reds), LG (greens), SOL (purples)
during three balance tasks: (A,D,G) Eyes Open, (B,E,H) Eyes
Closed, and (C,F,I) Reduced Base of Support, performed at three
exoskeleton spring stiffnesses: 0, 42, and 85 Nm rad-'.
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Fig. 1. (A) Experimental set-up with spring-loaded ankle exoskeleton, (B) B- No A in MG activity with assistance for any tasks. PP y

mode ultrasound image of the MG, (C) sample time-varying EMG and COP data.
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Discussion

= Longer fascicle operating lengths and reduced muscle activation demonstrate that passive ankle exoskeletons effectively offload the ankle plantar flexors for some
balance tasks, with likely energetic benefits - potentially reducing fatigue.

= Decreases in muscle activation with assistance were not consistent across balance tasks because the three plantar flexors may have different functions in the control of
standing balance.

= Exoskeletons led to an increase in TA muscle activity in the most difficult balance task, possibly disrupting fascicle behaviour and TA's proprioceptive function. This may
impair balance and account for the concurrent increased COP variation which reflects greater whole-body instability.

Conclusion

There may be a threshold effect whereby spring-loaded exoskeletons improve balance during simple tasks by offloading the ankle plantar flexors but impair balance control
during more difficult tasks. Future investigations into populations with balance deficits (e.g., ageing) will provide insights into the restorative potential of passive devices.
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