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Abstract

　Plantar proprioceptive function, often impaired in older patients resulting in poor balance, 
may be improved by plantar sole stimulation. This study evaluated the immediate effects of 
such stimulation on single-leg stance in younger adults. Eleven healthy participants, all aged 21, 
underwent five minutes of plantar sole stimulation. Before and immediately after the stimulation, 
center of pressure (COP) measurements, including total path length, were taken while participants 
maintained the single leg standing position with their eyes open. They were instructed to minimize 
body sway during the assessment. The results showed a significant decrease in the total length 
of the COP path after stimulation, indicating an improvement in static balance and increased 
proprioceptive information input. This finding suggests that plantar sole stimulation could 
effectively improve single-leg static balance in healthy young adults.

1. Introduction

　Falls are a common event associated with limitations in activity and participation1), underscoring the 
necessity of implementing fall-prevention programs for older patients. These patients predominantly rely 
on visual information to maintain postural balance2). This compensatory strategy involves sensory re-
weighting among visual, vestibular, and proprioceptive inputs within the central nervous system (CNS)3). In 
this strategy, the nervous system prefers reliable sensory information from one system over less reliable 
information from others, following a continuous and dynamic weighting process.
　The plantar sole contributes proprioceptive information to the CNS, which comes from plantar 
receptors, neuromuscular spindles, and skin elements4). This plantar-driven proprioceptive input is crucial 
for maintaining static postural balance5). Consequently, patients tend to rely more on visual rather than 
proprioceptive information compared to control participants, which impairs their balance. This impairment 
has been identified as a contributing risk factor for falls6). Hence, therapeutic interventions to re-weight 
proprioceptive information could benefit static balance control and fall prevention6). This suggests that 
plantar sole stimulation could increase reliance on proprioceptive information for basic postural control and 
improved static balance.
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　Previous studies have measured standing balance in a bilateral stance5), but the effects of interventions 
on the more challenging static balance in a single-leg stance have not been investigated. Although many 
studies have utilized bilateral stances for postural balance assessment7), the single-leg stance offers a more 
functional and challenging task, potentially better at discriminating between individuals with varying levels 
of stability. A single-leg balance training protocol has effectively improved balance in healthy adults8).
　Despite these advantages, to our knowledge, no research has yet investigated the impact of plantar sole 
stimulation on single-leg stance in healthy participants. We hypothesized that plantar stimulation would 
reduce body sway. Therefore, we analyzed sway during one-legged standing using a force plate, performing 
a before-and-after comparison.

2. Methods

2. 1. Participants
　Eleven healthy participants (five males and six females), with a mean age of 21 years, participated in 
the study. Their mean body mass was 50.7 ± 6.5 kg, and their mean height was 157 ± 7.4 cm. Exclusion 
criteria included cardiovascular, respiratory, abdominal, urinary, gynecological, neurological, musculoskeletal, 
or other chronic diseases. The participants were selected from students at Kawasaki University of Medical 
Welfare. They voluntarily agreed to participate and provided written informed consent prior to enrollment. 

2. 2. Procedures
　The intervention consisted of plantar stimulation for all participants. Plantar vibration stimulation (vibration 
platform; Takatori, Nara, Japan) was administered by a physical therapist using a vibration device at 40 
Hz and an amplitude of 1.8 mm for 300 seconds—this stimulation aimed to enhance proprioceptive input 
to the plantar sole5). Participants were seated with their hips and knees at 90° flexion with their feet on 
the stimulator, maintaining the same position throughout the intervention. Static balance was assessed 
during single-leg standing on a force platform (T.K.K.5810; Takei Inc, Niigata, Japan) before and after the 
intervention—the platform, equipped with vertical force transducers in the center, sampled data at 100 Hz. 
Participants were barefoot during the test. The leg used for the single-leg stance was randomly selected 
using a function in Excel. The balance test was independent of the dominant and non-dominant leg9,10). 
Participants were instructed to stand as stably as possible for 30 seconds, focusing on a mark 2 meters 
ahead (Figure 1). They were allowed a practice period with three trials on the force platform9).

Figure 1　Single-leg stance balance test

In this test, participants maintained a single-leg stance on a force plate. They were instructed to stand as stably as 
possible, gazing at a mark located 2 meters ahead.
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2. 3. Statistical analysis
　The total length of the center of pressure (COP) path was calculated as the sum of distances between 
consecutive points on the COP path, indicating postural stability. These COP displacements reflect an 
unsteady balance9). Statistical analysis was performed using an Excel (Microsoft, Redmond, WA, USA) 
statistical software package (Social Survey Research Information Co., Ltd., Tokyo, Japan). Assumptions of 
normality and equality of variances using skewness statistics and histograms were examined Descriptive 
statistics are presented as mean and standard error (SE). The Wilcoxon signed-rank test was used to 
compare mean values pre-and post-intervention. A P-value of < 0.05 was considered statistically significant.

3. Results

　All participants successfully completed the intervention and the associated outcome measures. Figure 2 
displays COP data both before and after the intervention. There was a significant decrease in COP values 
in the post-intervention period compared to the pre-intervention period (p < 0.05).

Figure 2　Results of COP analysis between both groups

Lines represent the range between the minimum and maximum. Boxes represent the lower, median, and upper 
quartiles. *Indicates a significant difference between groups (p < 0.05). ’PRE’ refers to pre-intervention, and ’POST’ 
refers to post-intervention. The figure includes a boxplot on the left and individual plot data on the right.

4. Discussion

　The most notable finding from this study is that plantar sole stimulation altered static postural stability 
during the single-leg stance task. Generally, a decrease in COP indicates improved balance performance in 
healthy individuals8). The single-leg stance is particularly effective for identifying individuals at risk of falls 
among older adults11,12). Additionally, in both healthy individuals and athletes, instability and pain during 
the single-leg stance have been associated with decreased strength or impairment in muscles around the 
hip joint, such as the gluteus medius and minimus13-15). Thus, the single-leg stance is a useful indicator for 
assessing the risk of these conditions.
　In this study, participants’ COP, as a marker of single-leg stance stability, decreased immediately following 
plantar sensory input. This reduction suggests that plantar sole sensory input may effectively enhance 
postural stability. Plantar sole sensory input is beneficial as it increases the sensitivity of cutaneous afferent 
information from the plantar surface to the CNS6). A systematic review by Hijmans et al. supports this, 
suggesting that vibrating elements on the plantar sole may improve static balance16). Presner-Domjan et al. 
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also proposed that mechanical stimulation of the soles activates plantar mechanoreceptors, compensating 
for the loss of visual information17). Based on these studies, it is hypothesized that the vibration stimulation 
of the soles induces sensory re-weighting.
　However, as this study primarily observed changes in postural sway, the underlying mechanisms, such as 
sensory re-weighting, remain unclear. Further investigations, including performing the sensory organization 
test, are necessary to examine variations in sensory contributions. In addition, this study focused only on 
immediate changes and did not evaluate clinical outcomes such as sustained effects, effects on other aspects 
of motor function beyond single-leg stance, or duration of effects. Future intervention studies are required 
to explore these areas.
　This study examined the effects of vibration stimulation on balance when applied to the soles of the 
feet on the balance in single-leg standing in young adults through a pre- and post-intervention comparison. 
However, one limitation of this study is the absence of a control group. As the current study employed a 
pre- and post-intervention design without a control group, it is difficult to determine whether the observed 
reduction in the total trajectory length post-intervention was due to the vibration stimulation itself or a 
potential learning effect from repeated measurements. Therefore, future studies should consider employing 
a randomized controlled trial (RCT) with a control group to address these concerns. Additionally, as this 
study was a pilot study, no formal sample size calculation or considerations were conducted.
　These findings suggest that single-leg stance stability in healthy individuals can be improved through 
plantar sole sensory input. This opens the possibility of using sensory re-weighting to enhance plantar 
mechanoreceptors and reduce reliance on visual information for dynamic postural control. However, more 
research is needed to develop clinical applications.
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