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Abstract 

Patients with Multiple Sclerosis (PwMS) experience balance problems when 
navigating through environments with moving objects or visual tricks that 
affect how they perceive their own motion. However, it has not been 
investigated if they can separate an object from self-movement. This study 
used Virtual Reality (VR) to investigate the effects of medial-lateral 
oscillations of the visual field and of scene objects on gait in PwMS and 
healthy age-matched controls. 
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Introduction 

The effects of medial-lateral visual field oscillation and visual object motion 
during treadmill walking on gait variability and balance were investigated in 
this study in individuals with Multiple Sclerosis (PwMS). It has been shown 
that MS causes the sensory systems to deteriorate in a variety of ways, 
some of which include slower somatosensory pathway conduction [1, 2]. 
Reduced foot feeling, changes in the relationship between muscular 
strength and gait speed, and deficiencies in position awareness in the lower 
limbs are characteristics of somatosensory impairment's consequences. 
PwMS also exhibit changed temporal-spatial gait patterns, greater 
variability of trunk movement, and variable footfall placement during 
locomotion, all of which are anticipated to increase the risk of losing one's 
balance and falling [3–12]. As evidenced by a decline in stability when 
visual feedback is removed during standing and increased sensitivity to 
visual stimuli during gait, PwMS may have a greater reliance on the 
vestibular or visual systems for balance control [13]. This would be done to 
make up for the effects of the loss in proprioception on balance. The effects 
of various visual perturbations on body wobble and foot placement during 
walking were investigated in this study because to the probably enhanced 
role of vision on gait stability in PwMS. In PwMS, the impacts of the visual 
scene's overall oscillation and the rotation of its items on balance during 
treadmill stepping were specifically described [14,15]. 

Center of Mass 
Through the modification of visual feedback, medial-lateral control of 
dynamic balance, a crucial component of stability during stepping, has been 
studied. The foundation of keeping an upright posture is the control and 

movement of the Center of Mass (CoM) with respect to the base of support. 
Multisensory integration helps to determine the current condition of the 
body's CoM because the body lacks particular receptors to perceive CoM 
[16]. Vision may play a significant role in medial-lateral CoM regulation since 
it is incorporated into sensorimotor control of lateral stability during gait 
[17]. The positioning of the feet, which is connected to CoM control, is 
essential for preserving lateral stability throughout gait [18,19]. In turn, 
environmental visual information is crucial for foot placement, possibly even 
more so in PwMS who may rely more on vision for gait stability. Medial-
lateral oscillations of the visual field, which resemble self-motion, have been 
used in previous studies to test the sensitivity of CoM sway and foot 
placement during gait to visual input. Visuomotor entrainment, a reaction to 
visual oscillation, describes the capacity to synchronize or modify motor 
responses in response to a visual input.  

Age and MS are both associated with an increase in reliance on vision, as 
seen by visual field-of-view oscillations and their impact on sway and foot 
placement. It's interesting that PwMS hasn't looked into the impact of item 
motion inside a scene, which increases the demands on visual processing of 
movement [20,21].  

Gait-related neural processing of object and visual field movements may be 
compromised in PwMS. PwMS can show signs of cognitive deterioration 
such as slower processing of visually presented stimuli and impaired 
automatic visual processing. Since PwMS slow down their gait when 
completing cognitive tasks at the same time, decreases in information 
processing speed are anticipated to have an impact on motor performance. 
Additionally, under conditions of dual-task walking, PwMS exhibit smaller 
increases in functional near-infrared spectroscopy signals in the prefrontal 
cortex, which is consistent with diminished attention capacity. 

Conclusion 

Gait was impacted by medial lateral oscillations of a visual scene shown 
through a virtual reality headset in both healthy controls and PwMS. This 
result is supported by higher SW, greater peak-to-peak CoM sway, and 
increased variability in both measures. A high degree of coherence between 
medial-lateral CoM motion and scene oscillation suggested a visuomotor 
effect, and shifts in medial-lateral foot placement also became more 
frequent. However, the sway of the virtual trees that represented item motion 
in the picture severely challenged dynamic balance only in PwMS, as seen by 
higher variability in step width, peak-to-peak CoM sway, and increased shift 
in medial-lateral foot placement. One explanation is that PwMS struggled to 
distinguish between self-motion and object motion. Future research may 
make use of these findings to develop dynamic balance control in PwMS and 
prevent falls by simulating difficult situations (such grocery stores with 
moving objects) in a secure laboratory setting. 
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