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1 Introduction

To maintain functionality and autonomy, humans must
continuously adapt to uncertain and changing condi-
tions. The need for adaptation arises from the inher-
ently nonstationary nature of both the environment and
the neuromuscular system, requiring continuous refine-
ment and learning of motor control strategies (Franklin
and Wolpert, 2011). Arm-reaching movements have
been extensively used to investigate the computational
aspects of human motor control (Franklin and Wolpert,
2011), demonstrating that individuals adapt to new force
fields by modifying feedback reactions to environmental
dynamics, enhancing muscle co-contraction, and align-
ing feed-forward adaptation with anticipated perturba-
tions (Franklin and Wolpert, 2011). Less is known about
how humans adapt in whole-body tasks, where success-
ful performance relies not only on movement efficiency
but also necessitates the ongoing maintenance of pos-
tural stability under gravitational constraints to prevent
falls and injuries (Babic et al., 2025).

This study aims to explore the control strategies of
postural stability during a whole-body goal-directed task
under repeated velocity-dependent perturbations. We
hypothesize that (i) when the task demands challenge
postural stability, movement errors and postural insta-
bility will initially increase, but repeated exposure will
drive sensorimotor adaptation, resulting in a progressive
decrease in these measures, and (ii) motor adaptation
will be accompanied by systematic after-effects that re-
flect a predictive feedforward compensatory mechanism
for persistent perturbations.

2 Methods

Healthy participants (N=18) performed lateral, goal-
directed whole-body movements under velocity-
dependent forward perturbations while standing.
Participants controlled a real-time cursor on the screen
representing their center of mass (CoM). The objective
was to move the cursor between two visual targets
displayed on a screen. The experiment had six blocks
(50 trials per block): one pre-exposure, four pertur-
bation exposure blocks, and one post-exposure block.
Catch trials, in which perturbations were unexpectedly
removed, were included in the last exposure block to
assess predictive feedforward adaptation.

To quantify postural control processes, we used
anterior-posterior (AP) and medio-lateral (ML) center

of pressure (CoP) root mean square (RMS) amplitudes
that quantify overall CoP displacement magnitude dur-
ing task execution (Palmieri et al., 2002). Mean CoP
velocity was calculated for each trial as the sum of ab-
solute CoP displacements between consecutive samples
divided by the duration of the analysis window (Palmieri
et al., 2002). The CoP—-CoM relationship was examined
to characterize the dynamic interaction between CoP and
CoM.

3 Results

Velocity-dependent perturbations were expected to ini-
tially increase movement errors, followed by progres-
sive error reduction with repeated exposure, indicating
motor adaptation (Franklin and Wolpert, 2011; Babic et
al., 2025). Based on current group-average values, ex-
posure to the velocity-dependent perturbation resulted
in an immediate increase in postural control demands,
reflected by larger AP CoP RMS magnitude, increased
mean CoP velocity, and greater CoP—CoM distance dur-
ing the first exposure block. Across subsequent exposure
blocks, these measures gradually decreased, suggesting
adaptation of postural control under repeated perturba-
tion exposure.

4 Conclusion

Current findings suggest that repeated exposure to
velocity-dependent perturbations leads to adaptation of
postural control during whole-body goal-directed move-
ment. Further analysis will help determine the extent of
postural control adaptation.
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