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The purpose of this study was to develop and verify the smart insole based FSR sensor for measurement and
improvement of the muscle strength imbalance. We recruited 15 subjects with muscle strength difference over 20% and 15
subjects with muscle strength balance below 10%. We developed the human body load insole and integrated modules
using FSR sensor. Subjects walked for 5 minutes at a slope of 0% and a speed of 3 km / h on a treadmill with a smart
insole. We measured the real-time muscle activity and foot pressure according to the muscle strength imbalance during
gait. FSR data of the developed smart insole showed that the insole had similar accuracy and efficacy as muscle activity
and foot pressure. This is the interval in which the muscle imbalance shifts from the stance phase to the load reaction, and
the weight support is the largest, and the center of gravity of the human body passes over the whole foot, which is
considered to cause the greatest imbalance. This suggests that there is a direct or indirect correlation between muscle
strength imbalance of the lower limb and the imbalance of the body weight distribution during gait.
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Fig. 1 Isokinetic joint torque test for estimating the muscle strength

imbalance ((a): knee joint, (b): ankle joint)

Table 1 The physical information of participants (M= 10-males, F=
S-females in group)

Balance group Imbalance group

Age(yr) M=220+1.5 M=22.0+23

gy F=22.0+2.1 F=22.0+19

. M=175.0+1.1 M=175.0+2.1

Height(cm) F=160.0 + 1.6 F=160.0 + 0.7

. M=70.0+29 M=70.0+3.3

Weight(ke) F=50.0+ 1.6 ~50.0+2.1
Difference ratio M=9.11 £ 1.63 M=2251+3.21
of knee torque (%) F=7.52+£2.11 F=21.75+£2.50
Difference ratio M=8.31+0.22 M=23.75+1.95
of ankle torque (%) F=8.70+3.23 F=25.65+2.55
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(c) Balance insole

(b)Integrated control board test screen

Fig. 2 Developed the smart insole system configuration ((a) FPCB
based FSR sensor product, (b) integrated control board, (c)
balance insole test screen)
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Pre-test
- 100 people tested 2> 30 participant recruited

- Test : Isokinetic joint torque in knee and ankle

Y.

Group
- Balance group : muscle strength difference
below 10%
- Imbalance group : muscle strength difference
over 20%

Y.

Estimation 1
- Developed insole based FSR sensor test
- Muscular activity : rectus femoris, biceps
femoris, tibialis anterior, gastrocnemius
- Gait : 0%(slope), 3km/h(velocity) at 5min

Y

Estimation 2
- Foot pressure : forefoot, midfoot and rearfoot
pressure during gait
- Gait : 0%(slope), 3km/h(velocity) at 5min

v

Fig. 3 Block diagram of experimental procedure
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Muscular activity analysis

Real-time
foot pressure

Fig. 4 The estimation of muscular activity and foot pressure for
evaluating the muscle strength imbalance in gait environment
((a) EMG test, (b) Real-Time foot pressure test)
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The %MVIC result of muscular activity
difference according to muscle strength

.
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Fig. 5 The %MVIC result of muscular activity difference according
to muscle strength imbalance during gait (RF: rectus femoris,
BF: biceps femoris, TA: tibialis anterior, GN: gastrocnemius,
mean + SD, *p <0.05)
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Fig. 6 The %MVIC result of muscular activity difference according
to sound feedback stimulus for muscle imbalance gait (RF:
rectus femoris, BF: biceps femoris, TA: tibialis anterior, GN:
gastrocnemius, mean + SD, *p <0.05)
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The result of foot pressure difference
according to muscle strength imbalance
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Fig. 7 The result of foot pressure difference according to muscle
strength imbalance during gait (mean £ SD, *p <0.05)
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during gait(%)
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Fig. 8 The result of foot pressure difference according to sound
feedback stimulus for muscle strength imbalance during gait
(mean £ SD, *p <0.05)
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Fig. 9 The result of FSR data difference according to muscle strength
imbalance during gait (mean + SD, *p <0.05)
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Fig. 10 The result of FSR data difference according to sound
feedback stimulus for muscle strength imbalance during gait
(mean = SD, *p <0.05)
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