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Effects of multisensory stimulation intervention based on white noise on postural control in
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Abstract: White noise stimulation based on stochastic resonance has been proven to improve human balance. However, research
on the effects of multisensory stimulation on balance remains limited. Therefore, this study aims to investigate the impacts of plantar
vibration stimuli at varying intensities and combined tactile-vestibular multisensory stimulation on balance in healthy adults. The
experiment utilizes self-developed plantar micro-vibration stimulation insoles, which convert white noise into electrical signals
to drive miniature vibration motors for tactile stimulation to the plantar surface. Balance is assessed by measuring the 95%
confidence ellipse area of the center of pressure (CoP) using a force platform. The experiment is divided into two parts. (1)
Examining the effects of plantar vibration stimulation at varying intensities (no vibration, strong vibration, and threshold vibration).
The results show that threshold vibration reduces the CoP envelope area by 201.500 mm?, but the difference is not statistically
significant (P>0.05). (2) Investigating the effects of multisensory stimulation by comparing balance parameters under 4 conditions:
a control condition (no stimulation), auditory stimulation (vestibular), vibration stimulation (plantar tactile), and combined vibration-
auditory stimulation. The results show that both auditory and vibration single-mode stimulation significantly improve balance,
reducing the CoP envelope area by 44.840 mm”* and 44.147 mn?’, respectively, compared with the control condition. Furthermore,
combined vibration-auditory multisensory stimulation achieves even better results, with a 77.574 mm’ reduction in CoP envelope
area, demonstrating that multisensory integration significantly enhances balance improvement. This study confirms that both plantar
threshold vibration and vestibular white noise stimulation effectively improve balance, with multisensory stimulation providing
synergistic benefits.

Keywords: balance; white noise; multisensory stimulation; stochastic resonance; the center of pressure

[ 455 H#7)2025-11-23
[ 1B ik &b, A0 9 28 9 T 1) < S RS I SORT 25 25 7047, E-mail: 2727577619@qq.com
(IS VEE VPR, B0 A T 00, AF 9 5 1)« AP ATE A7 IF , E-mail: hechen@usst.edu.cn



- 526 - rhE R AR AR AR

543 %:

——

IS

VS S OT NP YN LS TEUE L EZE 5NN = &V
RGERMFEAE AT AT, AT 58 5 H 15 3l
O BEI NIRRT I 5 2 Fh R ARG A S
PER A AR S R 1 A PR RRIGR ™ 32 Bl 1 Bk
Z R E RIS TR RO Y, S
FIPEI 3 KRG, S8t RGuE T e HkEvE |
AR IR 74 2 A B A% O AR

NAARIERZ B30T SR e 1 A7 P 9 POt B
I HGTAS [ A5 3 s B 10 8 o7 i 4 S BT kg e
ERAEARAE T, O LR AR L M S R GRS
TR (AR AZ 28 38 o AT LR AT B SRR
MRS BEMLIEIRAE D —Fh AR R G bt e s
RS E5 0 T IT-Be, ZERSE ) S Ao e
RGN R BN BWNAENT, I B TRz A R
PEPRE: , VAT HL D28 1E e 1 M e 2 R ATL iR Xt
JRRAZ A R 5 M AFE 5 v i i D ) Mg P

JEBBAE R AR 37 LA A RS A R R
TR IR AZ i () B e A7 B TR IR SZ R 4 T R e T B —
D2 N B =4 1N 171 3 T N i S i e B S G o)
ZEPP AT J /NI RING B2 2, M A LR IR, DT 4
RV, A R AU Ik 55 , W S5 xR AR o 1Y
FKAERE ST, NI FEOFMRE ) T % . Wang 55 IER] 2)
SR P 1 MRS {55 AT A R A SIS ik v S
(. Gerber %52 il SCEHIESL , IRV B {H F s ]
PARRAEAE AR 2 IC 7 Hha0> (the Center of Pressure,
CoP) [FFAZE [, Bk 1 38 2 X0 2 IS T 3R Sl P nT
DIA ST AR AT RE T o Xie 552 58 3 50560 & 3K
AN ()58 B 1) FEE AR 0 0~ 4 il ) 52 T AN [

HIKE RGE 0 SR AR T T3 7 Sk et A
0] Sk Rz 3, SATHE 38 o W 28 A% 356 2 M , 1 1T s
M 5 AP AE A TT ELHEAH DG Rt AT ARSI
FHATIE FLRIORT A R B A A il e 1
Piccolo 5 B X} fiat 5 AT N EA THTRE R A gt sR
SARE W T 2P 58 SV IS S I 1P AR T
Asslander 5551 F B IAT & I HTE RO AT 48 (8RR A
N B35t 7P S 3K AT B H T A ) S5 T 2 B
HPPETTAESECA R S8 7575 & RO, Zhou
SR ISR 75~85 dB B R T 1 MRS X T BE A T
S R RE T B G R B AR AT

CRE A SCHRER W, B A2 T Bl AL X A A%
ELLE v waE AL Ereni il SR e =i
B B AT C A 125 bR H R — Rl B, =
ARV 2K 22 I8 TR AR B = ) P A8 SR
XFH o BEIAHIESY B AT A — O TR SR

PR B RS O RS A 4 T A AR B 5 5, A
1113 S WX AL i P o v i A, o A [l 5
JEE TR R R SR AR S R e L i
JEC IR I M1 I P 0 R i 5 AN AT RE A 7 P — R e 2
JECE I A, BT A [R) B O e B I AR P
AE ST RIS ISR,

1 MR 577

1.1 R R fRtif 3h R B EE B 4 4

R JEIAIR SRR H] TPU BFRL, 4 3D ITEN
A AT . R A RS A LAY TR
T AORUE S IR S e ATLAG 57 B R X R R SRS
fro RJRWIR SR R AR A 1 s .

PN EES

P P 2 2.8

Bl ERETREhRISE R R E

Figure 1 Circuit flowchart of plantar microvibration stimulation

insoles
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Figure 2 The first metatarsal, fifth metatarsal, and calcaneus of the sole
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Figure 3 Design of plantar microvibration stimulation insoles
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Figure 4 Experimental flowchart of vibration stimulation

effects at different intensities
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Figure 5 Experimental flowchart of multisensory stimulation
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Table 1 CoP envelope area in 6 subjects under different intensity

stimulation conditions (mm?)
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Figure 6 Changes of CoP envelope area in the control group
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Table 2 Changes in CoP envelope area before and after stimulation in 5 subjects
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