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Effects of Vestibular and Proprioceptive Stochastic Resonance Stimulation on Balance
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The objective of this study was to investigate the 

efficacy of applying subject-specific SRS 

intensities and to compare the effects of 

vestibular (SRSv) to proprioceptive (SRSp) 

electrical SRS during upright stance.

• Stochastic Resonance Stimulation (SRS) – a 

subsensory electrical stimulation that 

enhances the detection and transmission of 

weak sensory signals.1

• SRS facilitates balance improvements in 

healthy adults, older people, and individuals 

with ankle instability, diabetic neuropathy and 

stroke.

• Customized SRS intensity has been proposed  

to optimize balance performance.2

• 2 SRS types have been used to enhance 

afferent information: vestibular3 (SRSv) and 

proprioceptive4 (SRSp).

• SRS improvements on balance in non-

neurologically impaired individuals may be 

suggestive of the opportunity for improving 

balance to a greater extent for those with 

sensory impairments.

Introduction

Objective

Participants:

• 20 typical developing adults (9 females; 

median age: 31y, range: 24- 48y) with no 

known neurologic disorders

• Exclusion criteria: LE fractures, surgery and 

injuries, LE joint instability,  visual & vestibular 

deficits, pathological conditions that can 

affect balance (i.e. peripheral neuropathy), 

history of postural control disorders, 

implanted devices contraindicated with the 

application of SRS, pregnancy

• All the data procedures performed at the 

Shriners Hospital for Children, Philadelphia 

and Temple University (VEPO lab)

Methods

Figure 5 . Group data computed for COPVr for all experimental conditions. A main effect 

was revealed for SRS type, with SRSv improving significantly the balance performance (i.e. 

reducing COPVr) (M= -.1, SE= .02) compared to SRSp (M= .02, SE= .02), F(1,128)=14.86, 

p<.001, partial η2=.1. A main effect for optimal SRS intensity level was also revealed, 

F(3,128)=3.028, p<.05, partial η2=.07. Error bars correspond to SE of the means. Asterisk 

denote a significant difference between conditions (*p< .05).

Stochastic Resonance Stimulation Intensities
(Differences between 4 SRS conditions over the control condition)

Optimal  2nd Optimal 3rd Optimal 4th Optimal

COPV A/P 

SRSp -.04 ± .02 -.01 ± .02 .03 ± .02 .07 ± .04

SRSv -.13 ± .03 -.09 ± .03 -.07 ± .03             -0.3 ± .03

COPV M/L

SRSp -.04 ± .01 -.01 ± .01 .02 ± .01 .06 ± .03

SRSv -.1 ± .04 -.07 ± .04 -.05 ± .04             -0.2 ± .04

COPA

SRSp -.81 ± 0.5 -.28 ± 0.48 .43 ± 0.58 3.46 ± 0.94

SRSv -1.97 ± 1.41 -1.36 ± 1.37 -.86 ± 1.26 1.05 ± 1.87

Table 1. Mean ± SE for COPV measures in the A/P and M/L directions and COPA. 

Note: SRSv significantly reduced COPV measures (p<.01). The optimal SRS intensity for both 

SRSp & SRSv produced the greatest balance improvements (p<.05)

Figure 6-7. Representative data from two subjects, showing COP stabilograms for 

vestibular (Fig. 6) and proprioceptive (Fig. 7) SRS. Two experimental condition are shown 

for each SRS type: control condition (A), and Optimal Stimulation condition (B). 

• SRSv improved balance more compared to 

SRSp.

• Optimal SRS intensity:  COP-based 

measures more vs. the rest of the applied 

intensities.

• Subject- specific SRS intensity & type: 

maximize balance performance.

• SRS-based techniques:  postural stability 

by contributing to afferent sensory feedback.

• SRS may serve as a effective rehabilitation 

tool in individuals with sensory deficits

• Future work: apply SRS in children with CP to 

improve static and dynamic balance & 

investigate its long-term effects. 

Conclusions
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Figure 8. Group data calculated for RMS measures in the A/P and M/L directions for the 

Optimal SRS Condition. When SRSv was applied the RMS A/P & M/L amplitudes 

decreased in greater extend compared to SRSp, but not in a significant level (RMS A/P: 

SRSv: -.12± .05 & SRSp: -.05± .02; RMS M/L: SRSv: -.9± .05 & SRSp:-.02± .02). Error 

bars correspond to SE of the means.
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Instrumentation:

Electrode Placement

SRS electrical signal

Procedure:

Balance test

• Double-leg stance test

• 25 sec/ trial

• 3 trials/ SRS intensity level

Outcome measures 

• Resultant COP Velocity (COPVr)

• COPV A/P 

• COPV M/L

• COP 95% ellipse Area (COPA)

• RMS A/P

• RMS M/L

Methods

Figure 4. Illustration of double-

leg stance test when SRSp was 

applied to the LE. The 

participant was asked  to stand 

on top of 2 force plates for 25 s, 

motionless  while keeping their 

eyes closed.

SRSv: electrodes over 

the mastoid processes 

and  ipsilateral to the T2 

spinous processes 

(monopolar binaural 

configuration).5

SRSp: electrodes over 

lateral soleus, peroneus 

longus, and tibialis 

anterior muscles and 

anterior talofibular and 

deltoid ankle ligaments of 

each leg.4

Fig. 1 Fig. 2

• Gaussian White Noise

• Subject-specific threshold

• SRS intensities:  

0%, 25%, 50%, 75%, 90%

Figure 3. Schematic illustration of the LabView

control program used to deliver SRS stimulation.

The graph presents the SRS input noise signal.

Note: For the analysis, differences between the COP-

based measures of the 4 SRS conditions over the 

control condition were computed and compared.


