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(H #9(Purpose)]
Freezing of gait (FOG) in patients with Parkinson’s disease (PD) is associated with several factors, including
interlimb incoordination and impaired gait cvcle regulation. However, gait analysis in patients with PD is
confounded by rigidity and ‘wearing of I’ phenomena such as dvskinesias that directly affect gait. To understand
the mechanisms underlying FOG, we studied gait patferns in patients with FOG but little fo no parkinsonism
to alleviate the influence of these confounding factors.

(GFik7s 5 N R (Methods/Results))
We compared gait patterns during straight walking between 9 patients with FOG but little to no parkinsonism
(freezing patients) and II patients with PD (non~Ireezing patients). The freezing group was not comprised
of patients with a single disease,” bui of patients with a heterogeneous syndrome including pure akinesia,
primary progressive freezing gait, and PD, among others. Wireless sensors were attached to the respective
heels of nursing shoes worn by the patients to detect foot contact and toe-off events. Patients walked 20
m in a straight line, turned 180° around a chair clockwise or counter-clockwise, and walked 20 m to return
to the start at their preferred speed. They performed this two times for each turn direction. The
straight-walking data were analyzed separately for the ‘Go’ and ‘Back’ portions of the walking task. To
assess interlimb coordination between the legs, the step phase of each foot contact was calculated by defining
one stride cycle of the other leg as 360°. Phase-resetting analysis was performed, whereby the relation between
the step phase of one leg and the subsequent phase change in the following step of the other leg was quantified
using regression analysis. A small siope of the regression line indicates a forceful correction (phase reset)
at every step of the deviation of step phase Irom the equilibrium phase, usually at around 180°. The slope
of this relation was smaller in Ireezing patients than in non-freezing patients, but the slope exhibited larger
step—to-step variability. This indicates that freezing patients executed a forceful but noisy correction of
the deviation of step phase, whereas non-ireezing patients nade a gradual correction of the deviation. Moreover,
freezing patients tended to show more variable step phase and stride time than non-freezing patients. The
deviation of step phase was similar in the two groups, which is in contrast to previous reports showing greater
asymmetry in PD patients with FOG than PD patients without FOG. Dynamics of a model of two coupled
phase—oscillators interacting through a phase resetting mechanism were examined, and indicated that forceful
phase reset reduced step phase variability, but the deterioration of phase reset by noise provoked variability
in step phase and stride time. That is, interlimb coordination can affect regulation of the gait cvcle.

(# ¥&(Conclusion))
FOG patients with little to no parkinsonism showed forceful and noisy interlimb coordination during straight
walking, which was probably due to dvsfunction of the brainstem locomotor center or central pattern generators
in the spinal cord. This interlimb coordination was associated with high stride time variability, which may
have caused gait festination and FOG during turning. These [indings were supported by a model of coupled
phase-oscillators that used the phase resetting mechanism, Inferlimb coordination during turning and leg
rhythmicity during repetitive movements should be investigated in FOG patients to more precisely understand
.the mechanisms of FOG.
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