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The Influence of Auditory-Feedback Device Using Wearable
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Objective: To investigate the effect of emphasized initial contact by using a wearable air-pressure insole to provide auditory-
feedback with variations of maximum peak pressure (MPP) of the affected side on spatiotemporal gait parameters and gait
symmetry of stroke patients

Design: A cross-sectional study

Methods: Eighteen stroke patients participated in this study. All subjects walked five trials using an air-pressure insole that
provides auditory feedback with different thresholds set on the insole. First, subjects walked without any auditory feedback. Then,
the MPP threshold on the affected side was set from 70% and increase threshold by 10% after each trial until 100%. They walked
three times or more on the gait analyzer for each trial, and the average values were measured. Before starting the experiment,
subjects measured body weight, initial gait abilities and affected side MPP without auditory feedback.

Results: Temporal and spatial variables were significantly increased in trials with auditory feedback from air-pressure insole
except for non-paralyzed single support time and spatial gait symmetry compared to trials without auditory feedback(p < 0.05).
Among the four different thresholds, the walking speed, unaffected side single support time, affected and unaffected side stride,
and affected side step length were greatest at 80% threshold of maximum peak, while affected single support time, temporal gait
symmetry, and unaffected step length were greatest at the maximum peak of 100% threshold.

Conclusions: These results indicate that auditory feedback gait using air-pressure insoles can be an effective way to improve
walking speed, single support time, step length, stride, and temporal gait symmetry in stroke patients.
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Figure 1. Air pressure insole
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Figure 2. Diagram for air pressure insole connection
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Figure 4. Assessment on the GAITRite
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Figure 5. GAITRite(Version 3.2b, CIR System Inc., USA)
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Table 1. General Characteristics and Test of Homogeneity (n=18)
Characteristics
Age (year) 58.22 (5.86)"
Height (cm) 164.94 (4.30)
Weight (kg) 63.71 (8.12)
Stroke duration (month) 58.5(28.11)
Male 9 (50%)"
Sex
Female 9 (50%)
Right 12 (66.7%)
Affected side
Left 6 (33.3%)

*The values are presented mean (SD)
®The values are presented number (%)

Bef 10 DRI FE SHRIION 2 EI12 XA AR
e}

S @l X]X]7] AR e Glo] Ha) Al 0.38
sec, MPP 70% <X|gkol|A] 0.43 sec, MPP 80% x|k
oA 0.43 sec, MPP 90% SX|gkoll4] 0.43 sec, MPP
100% Sx|Z}oA 0.45 sec2 MPP 100% &x|Zrol|lA 7}
 S7rekelen H=m Qo] HaS ARYsialS wiet
ofgt Aol7} Uerttip <0.0)

uobuls el A2)7] Ak wEe glo] way Al
0.54 sec, MPP 70% Ix]Z}oll4] 0.53 sec, MPP 80% ]
Z|Zkoll Al 0.55 sec, MPP 90% S x|gfollA]l 0.54 sec,
MPP 100% Ix|ZkollA] 0.54 sec® MPP 80% Ix|Zto]
A 7P S7F =elem MPP 70% SRIg} -0l Zjo]
7F Y= o= Y THp <0.05)

&V [8f P9 DHHIZ M= FX[glof THE =E/0] Hiaf
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70% ARGl 33.27 cm, MPP 80% &Jx|gkollA] 34.44

cm, MPP 90% %JZ|3}ollA] 32.81 cm, MPP 100% <}%]

Table 2. Changes of Gait Velocity and Cadence Depending on the Maximum Peak Pressure of the Insole

ZrolA 3141 cm® MPP 80% x|ZroA 718 2718}
Qom Tl glo] W3S AIYslelS wiek f-of3h Zjo]
7} Websthp <0.05).

H|opH| = HAke mjow) glo] ®al A] 27.15 cm, MPP
70% AxZFIA 29.23 cm, MPP 80% <Ix]ZfollA] 30.70
cm, MPP 90% <x]ZkollA 31.41 cm, MPP 100% %%
Zrol A 31.88 cm® MPP 100% SX|ZrollA 71 2718}
Qo Tl glo] HaS AIYslelS wiek [-of5k Zjo]
7F YR tHp <0.05)

B0} Q0] DI A SRzl M2 BRe] 3}

olH|Z ghEARe g glo] B3] A] 53.07 cm, MPP
70% SARZrNA 57.35 cm, MPP 80% Sx|Z}ollA 61.47
cm, MPP 90% <x]Z}o|4] 59.89 cm, MPP 100% < x|
ZrollA 59.83 cm® MPP 80% &x|ZkollA 713 27} =
glon] weu glo] RS AlWEHS wel o3t Hol
7} hebetehp <0.05).

wlululEEh Ao weu glo] WAl A] 53.68 om,
MPP 70% <IZ|Z}ollA] 57.60 cm, MPP 80% <IZ]Z}oll Al

(n=18)

Velocity(cm/sec) Cadence(step/sec) F(p)
Without feedback (A) 24.99 (12.15) 0.15 (0.10)
MPP 70% threshold (B) 27.00 (12.08) 0.19 (0.28)
MPP 80% threshold (C) 29.42 (13.90) (90401070) 0.13(0.12) ?0758523)
MPP 90% threshold (D) 28.10 (13.93) 0.14 (0.12)
MPP 100% threshold (E) 28.61 (13.16) 0.11 (0.07)

The values are mean (SD)
MPP: maximum peak pressure.
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Table 3. Changes of Single Stance Time Depending on the Maximum Peak Pressure of the Insole

(n=18)

Affected side single stance

Unaffected side single stance

time (sec) F@) time (sec) @)
Without feedback (A) 0.38 (0.14) 0.54 (0.16)
MPP 70% threshold (B) 0.43 (0.14) 0.53 (0.12)
MPP 80% threshold (C) 0.43 (0.14) 25.326 (0.000) 0.55(0.14) 3.637 (0.027)
MPP 90% threshold (D) 0.43 (0.13) 0.54 (0.14)
MPP 100% threshold (E) 0.45 (0.14) 0.54 (0.15)

The values are mean (SD)
MPP: maximum peak pressure

Table 4. Changes of Step Width Depending on the Maximum Peak Pressure of the Insole (n=18)
Affected side step width Unaffected side step width
(cm) Fp) (cm) F@p)
Withoutfeedback (A) 29.82 (11.12) 27.15(9.19)
MPP 70% threshold (B) 33.27 (10.06) 29.23 (10.26)
MPP 80% threshold (C) 34.44 (10.72) 25.326 (0.000) 30.70 (9.95) 29.462 (0.000)
MPP 90% threshold (D) 32.81 (9.90) 31.41(10.00)
MPP 100% threshold (E) 31.41 (9.38) 31.88 (9.00)

The values are mean (SD)
MPP: maximum peak pressure

Table 5. Changes of Temporal Symmetry Index and Spatial Symmetry Index Depending on the Maximum Peak Pressure

of the Insole (n=18)
Temporal symmetry index F(p) Spatial symmetry index F@p)

Withoutfeedback (A) 0.29 (0.12) 0.15 (0.10)

MPP 70% threshold (B) 0.19 (0.13) 0.19 (0.28)

MPP 80% threshold (C) 0.22 (0.11) 12.791 (0.000) 0.13 (0.12) 0.782 (0.553)

MPP 90% threshold (D) 0.20 (0.10) 0.14 (0.12)

MPP 100% threshold (E) 0.16 (0.06) 0.11 (0.07)

The values are mean (SD)

MPP: maximum peak pressure
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