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Abstract: Vestibular information is critical for maintaining balance during
locomotion, and is known to be attenuated with increasing locomotor
velocity and cadence. This attenuation is muscle and phase dependent,
and is thought to reflect the functional contribution of each muscle to
balance control during each stride of the gait cycle. Bilaterally, the
vestibular coupling is mirrored relative to the gait cycle as each leg
undergoes similar modulation with variation in phase, velocity and
cadence. Here, we asked whether the modulation of the vestibular
contribution to each limb is bilaterally dependent. By using a split-belt
treadmill with asymmetric belt speeds, we can control the locomotion
properties of each leg and compare the vestibular modulation to
symmetric conditions. We hypothesized that bilaterally symmetric
vestibular modulation would indicate leg independent vestibular
influence while bilaterally asymmetric vestibular modulation would
indicate leg dependent vestibular influence. Subjects were exposed to
binaural bipolar stochastic vestibular stimulation (0-25 Hz) during
symmetric and asymmetric walking conditions. Symmetric trials were
performed at belt speeds of 0.4 and 0.8 m/s and for 10 min. The
asymmetric trial was performed at belt speeds of 0.4 and 0.8 m/s for 16
min. Subjects walked with a cadence of 78 steps/min which was easily
maintained in both limbs. EMG of the bilateral medial gastrocnemii and
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three-dimensional ground reaction force and torques were collected.
Only the last 340 strides (~ 9 min of data) were used in the analysis to
avoid the adaptation that typically occurs within the first 250 strides (~ 6
min) of asymmetric walking. Significant muscle activity and lateral
ground reaction forces (P < 0.01) were correlated to the input stimuli in
all trials. Stimulus-EMG and -lateral ground reaction force correlations
decreased at higher belt speeds during symmetric walking, as previously
reported. During the split belt condition, the magnitude of correlations
stimulus-EMG and -force were bilaterally asymmetric and different
from their symmetric counterparts. During the asymmetric condition
correlations decreased for the slow leg, but more closely resembled the
responses observed during slow symmetric walking, and increased for
the fast leg, but more closely resembled the responses observed during
fast symmetric walking. These results indicate that the modulation of
vestibular reflexes is dependent upon the specific kinematics of each leg
but bilaterally linked to respond to the properties of the locomotion
pattern.
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