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Freezing of gait (FoG) is one of the most widely distributed and disabling gait phenomena in people with Parkinson's disease (PD). The current therapeutic interventions show suboptimal efficacy in FoG. Lower extremity proprioception impairments, especially in the most affected leg, gait initiation hesitation, and gait asymmetry are FoG factors, and there is a need to accurately consider them in terms of therapeutic approaches. Accordingly, we hypothesize that using a single-textured insole for the less affected leg may improve FoG by providing proprioceptive stimulation that enhances sensory processing and reduces gait hesitation and asymmetry. Proprioceptive sensory stimulation for the less affected limb could be more effective than for the double legs that are currently used in rehabilitation settings due to the sensory processing in the less affected basal ganglia being better.
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Introduction

Parkinson's disease (PD) is a chronic, progressive neurodegenerative disease characterized by motor and non-motor features (1). One of the motor features is freezing of gait (FoG), which is defined as “brief, episodic absence or marked reduction of forward progression of the feet despite the intention to walk” (2). FoG is one of the most disturbing and disabling gait phenomena in people with PD (2). The overall prevalence of FOG is estimated to be ~40% of patients with PD (3). Although FoG is more common in advanced PD stages, about 28% of patients with PD report FoG in the early stages (3).

Freezing of gait is characterized by trembling of the legs resulting from attempts to overcome freezing and the inability to step forward (2). It typically occurs when patients initiate gait, while turning or dual-tasking, or in changing conditions, such as crossing doorways, narrow areas, or uneven surfaces. Patients with FOG suddenly feel as if their feet are glued to the ground when they try to move forward and are unable to generate any practical steps (3). Most FOG episodes last < 10 s, but a few last more than 30 s (4). FOG phenotypes are based on leg movement, which includes shuffling with small steps, leg trembling, and akinesia (5). FOG highly impairs body structure and function, as posture and pain, respectively (6, 7), limits activity as balanced mobility and restricts participation in daily living that worsens the quality of life (4). Furthermore, FoG is a major risk factor for falls in PD (8).



FoG factors: Proprioceptive impairments, gait initiation hesitation, and gait asymmetry

Freezing of gait is multifactorial and associated with abnormal sensory, cognitive, and motor processing (4). Sensory impairments in the lower limbs, mainly proprioception, contribute to FoG (9). Neuroimaging studies found structural abnormalities in frontoparietal lobes that result in sensorimotor abnormalities that may reflect in FoG (10). People with PD have reduced peripheral sensation arising from the degeneration of cutaneous receptors and peripheral sensory nerves (11). Sensorimotor dysfunction due to proprioceptive losses has also been postulated to induce freezing episodes, where the absence of visual feedback prevents the ability to override faulty proprioceptive feedback (12). Gait initiation hesitation is commonly observed in FoG (2). The hesitation in foot selection to initiate the gait is accompanied by defects in postural adjustments and step onset delay that exacerbates FoG (13, 14).

The gait asymmetry is another FoG factor (15) that arises from asymmetry in basal ganglia degeneration (16). Although FoG is an axial symptom and is often associated with bilateral disease progression, there is clear evidence that confirms the role of gait asymmetry in FoG. The more affected lower limb displayed worse proprioceptive capacity compared with the less affected limb (17) in FoG. Sensory-processing errors in the most affected leg lead to more abnormality in weight distribution, and gait asymmetry and hesitation, and therefore worsen FoG (12). Gait asymmetry could increase the gait coordination complexity that is considered a predictor of FoG according to the threshold model of FoG (18, 19). In sum, proprioception impairments in the most affected leg, gait initiation hesitation, and gait asymmetry are FoG factors.



FoG management: The need to address FoG factors

Freezing of gait management is challenging due to its multifaceted pathophysiology, and the current evidence shows suboptimal efficacy of the therapeutic approaches (20–22). The suboptimal efficacy raises the attention to address FoG factors in management approaches (4). FoG management requires careful consideration of proprioceptive feedback accuracy, gait asymmetry, and gait initiation hesitation. Therefore, sensory interventions targeting the less affected limb alleviate FoG episodes due to better sensory processing in the less affected basal ganglia compared with the most affected (11). One of the proprioceptive interventions is textured insoles. Textured insoles' intervention provides planter proprioceptive stimulation for single or both legs by enhancing sensory feedback that improves gait and motor performance (23).



Hypothesis

We hypothesize that using a single-textured insole for the less affected leg may improve FoG. The proprioceptive stimulation to the less affected leg by a single-textured insole may provide better sensory processing, reduce the gait hesitation and gait asymmetry, and increase the attentional focus of the lower legs. Hence, accurate proprioceptive stimulation provided by a single-textured insole may be an effective strategy for alleviating FOG.



Evaluation of hypothesis

In PD, the failure to translate proprioceptive information into voluntary and reflexive coordinated movements is integral to FoG (24). There is clear evidence that the use of a single-textured insole improves gait asymmetry in healthy individuals and patients with stroke (25–27). The regular use of textured insoles improves plantar sensation, proprioception, and stride length in healthy people and patients with PD (23). The use of the less affected limb is due to the fact that the most affected basal ganglia and limb exhibit more proprioceptive defects and sensory-processing errors in PD and FoG (17). The sensory interventions targeting the less affected limb show a more beneficial effect on FoG (12).

The effect of single-textured insoles can be experimentally examined on FoG episodes and the severity at different conditions and environmental factors, such as multitasking, on and off dopaminergic medication, and different gait speeds. Motor performance, turning time, gait parameters, and reaction time can also be tested to examine the effectiveness of the single texture insole on FoG. The single-textured insole can be tested alone or in combination with other interventions to find the best way to apply it. The intervention can be tested as a potential preventive strategy for FoG.



Consequences of the hypothesis and discussion

Sensory perception and processing impairment are common in PD and FoG and highly correlated with motor impairments (11). The enhancement of plantar sensory information by textured insoles has been shown to alter gait patterns and improve walking Stability in PD through alternations in spatiotemporal gait parameters (i.e., reduced base of support), sensorimotor function, and gait kinetics and kinematics (28). Therefore, different types of sensory interventions target the motor impairments in PD with careful consideration of the features and factors of motor impairment.

Textured insoles are designed to enhance the somatosensory input of the foot through cost-effective, easy, and accessible passive intervention that can be used during various daily living activities compared with other FoG interventions (29). For example, cue interventions that are widely used in FoG demand high cognitive load and show difficulties in delivering in clinical settings (30). It is recommended to wear a textured insole for long periods to prolong the retention of benefits (23). To overcome the potential sensory habituation, different textures of insoles, in terms of density and location of elevation, i.e., first or second half, can be used interchangeably. We think that a single-textured insole may be more beneficial for the less affected limb in advanced stages of PD and FoG, whichexhibit more asymmetrical PD patterns. Gait initiation by the less affected leg using a single-textured insole may have a better effect.
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