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Sit-to-Walk predicts Freezing of Gait status over than cognitive load: an experimental
study with Linear Discriminant Analysis.
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Freezing of Gait (FOG) is one of the most debilitating symptom of patients with Parkinson
Disease (PwP) as it could leads to fall and loss of independence. It is common in Parkinson’s
disease but, interestingly, it doesn’t occur in all patients [1], suggesting that PwP with FoG are
a subpopulation of PwP [2]. Known triggers for FoG include, aside to normal gait, challenging
events that require precise regulation of complex motor sequences to control step length and
gait timing, such as step initiation and raise to walk. Motor and cognitive models have been
proposed to explain the potential mechanisms behind the episodic nature of FoG [3]. FoG is
typically considered a motor deficit. However, recent researches suggest that declining
cognitive/executive functions, in set-shifting and inhibition, may also contribute to FoG [4, 5].
Somewhat related, individuals with Parkinson’s disease who exhibit FOG have difficulty
shifting their attention when performing online modification of a complex motor sequence [6].

Recent research show that FoG may be influenced by the difficulty of a voluntary switch within
a task such as stepping [5, 7]. Moreover, augmented cognitive load (with an additional
attentional focus) has a detrimental effects on gait in PwP with FoG [5, 8]. Therefore, it is
important to ask whether motor-sequence planning is associated with FoG. FoG may be studied
by finding those peculiar features of motor behavior which differentiate patients with and
without FoG.

We evaluated the motor behavior in simple and complex gait movements with three groups of
participants: PwP with and without FoG in ON state condition, and participants without
neurologic and gait disorders. All participants were required to walk, to begin to walk (Step
Initiation), and raise from a chair for walking (Sit-to-Walk). These tasks were performed by
themselves or with a concomitant cognitive task in order to study attentional shifting. Aim of
the study was to establish whether a subgroup of patients of Parkinson’s Disease and FoG,
beyond freezing episodes, also show peculiar gait parameters. Such information, in fat, could
be used, together with self reports, as a marker for phenotyping PwP with FoG.

Analysis of variance helped to identify task-specific kinematic and kinetic variables which
differentiate among the three groups. Classification accuracy of such variables was obtained
by training a Linear Discriminant Analysis — LDA algorithm on reduced sub-samples, and by
testing it on the left out subjects. Accuracy pattern was extracted for all the possible
training/testing subject combinations.

LDA results show that the three task can differentiate, with a reliable accuracy, among the three
groups, both when considering gait only information and when considering gait and cognitive
performance information. This is the first study showing that PwP with FoG exhibit changes
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in the Sit-to-Walk task parameters compared to PwP without FoG and to healthy participants.
Additional cognitive load improves the accuracy in the classification among groups, when
considering the accuracy of the walking task [8], but not in Step Initiation and in Sit-to-Walk
tasks [9].
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