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Abstract: In this paper, to quantitatively evaluate the degree of rehabilitation for the disabled of unilateral lower
extremity, we compared the EMG pattern of normal and simulated abnormal gait. The EMG signal was measured
at a rate of 1 kHz on the quadriceps and biceps femoris, the pressure sensor was attached to the sole in order to
distinguish the gait cycle. Integrated EMG (IEMG) was obtained by the gait cycle, and classified four patterns that
were the normal gait pattern, amplitude decrease pattern, reversed pattern, and irregular pattern. For comparison
of the patterns, a curve fitting was performed using the trigonometric functions. The result of curve fitting, the
method using a variable A that corresponds to the amplitude of the regression curve was able to distinguish the
reverse pattern and remaining pattern. The coefficient of determination (R?) representing coincidence of the pattern
of the regression curve and EMG was confirmed the biggest value at the normal gait. Therefore, the degree of normal
gait can be confirmed using the coefficient of determination. This results show that it is possible to quantitatively
confirm the degree of unilateral lower extremity disabled rehabilitation, and it will be contributed to the study of effi-

cient rehabilitation methods by objective analysis.

Key words: Gait analysis, IEMG, Curve fitting, Comparison of EMG pattern, Evaluation of rehabilitation

2 et
o
>
Fu
jus)

L —
=}
N
)

=
rO
o

o8 H 2l = 2
5ol gJote] A, F2A, = 59 st Y4 B &
Aol S ETH1]. AAAR Bl AR5 5| siA=

Corresponding Author : Heung Ho Choi

A-316, Inje University, 197, Inje-ro, Gimhae-si, Gyeong-
sangnam-Do 621-749, Korea

TEL: +82-55-320-3294, FAX: +82-55-329-3294

E-mail: hhchoi@inje.ac.kr

“B Ats vk 9 YRS AAREEY ITeEE
2T A UAke] o] AP AT el S (N IPA-2014-H0401-
14-1003).

HAYF717F S23 242 ARGEE, o]F o]gsto] HaPef

e PETo A w0 AF HwE wEE 4 2],

RHFT] 2l Y HPRAG FHE S o83t 3
o)

b B4, Auiuke] B4, S4B So AgEm 9

2ot S
o
)
v
s
o
i)
il
flo
o
— 9
o
Q
>
Ir
>,
N
N,
X
b
&
N
N

>,
>
It
o
o
)
s
o)
his
2,
jus
z
o
o
o
2
]

30 K o

;:O
l

=
N
1B
H1
=
R
SE
°
J%
=
s
N
N
U
&EI

227



228

Ak molRa MRS ol 8% 51X BE Aolxiel kA ATl mUEE - BEE - 459

A HEE

[\

tlo
18 rlo
N

pac
T
o
r
ot 4o
tlo gt rr
o
2o

pacs
O
Ol
ofl flo
re,
i
flo
N
oz
[as
n {
©
FN'
R
)
rJ
re
i}
B{\Y £

Foox g2
2 o R

2
it
Y
r 0

&
P
ol
%
>
o flr

r
it
_>i|(
il
i
o,
j&
et
4
32
o
2

=

~
o 4>
ro
oX
o
ro
i)
Jo
S~
>,
et
o
OOA
filo
o}
i)
ash
(i

ol ox it ofm

o3
2
>
lo
=2
m \
ox
ki
i
o
oft rl
2
lo Hi
i >
for
2 Mo
ol
ok
N
b Ho
o,
ol
rE
= lo ¢

3
?

s
10
=
ox
o
H
o
10
rd
)
H
E=)
it}

[o
fot
o
_(|>L
k1
ghia
1
_(|>L
xR
vl

s )
ol
ol
2

2oy

o
ol

o o o
4 ol
8 > o
%% o
rlo 1o
2
£3:
ol OE
o,
o
R
i
Ay
o3
2
N
i
o
rsﬂ
ox
ox
rO
2 2 ol & juo

S A
i)
o,
ok
rE F
tlo
>
o
_(‘>_I"

°
oo
2
gk o
o
1
lo
ot
N
0
o

1. HYF |0 M2 2HE M5 B
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TFol WE A7HE Wk, 77t Bk ek
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QFo R FH T2 BIPELE XXyt By H)

M “’ WM

‘ (40%)
J= 1. Bz L2,

Fig. 1. Classification of gait cycle.
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: Fig. 4. Classification of gait cycle using pressure sensor (A:
7! 3. AlA g A= B2) 9%, acceleration sensor output, B: EMG of quadriceps, C: EMG
Fig. 3. Sensor and electrode mounting position. of bicep femoris).
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Table 1. Gait cycle ratio.

Normal gait Simulated abniemal gait

Stance 58.96 £ 3.52% 57.40 £ 2.64%
Swing 41.04 + 3.52% 42.60 + 2.64%
Quadriceps
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Fig. 5. IEMG pattern according to gait cycle at normal gait;
(a) quadriceps, (b) bicep femoris.
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Fig. 6. IEMG pattern according to gait cycle at simulated
abnormal gait; (a) quadriceps, (b) bicep femoris.
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Table 2. Pattern ratio of abnormal gait.

Quadriceps Bicep femoris

Amplitude decreased 46.4% 33.3%

Irregular 30.4% 33.3%

Reverse 23.2% 33.3%
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(c)

(a) (b)

(d)

T8 7. o] whE AR (a) FHIHE, (b) AF42HE, (o) B4R, (d) 9/duhE.

Fig. 7. Curve fitting according to pattern; (a) normal pattern, (b) amplitude decreased pattern, (c) irregular pattern, (d)

reverse pattern.
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Table 3. Mean value of variable according to the pattern

(quadriceps).

A B R?
Normal  0.212+0.028 0.701+0.036 0.866 +0.054
‘ge“z‘;g:j; 0.181+0.032 0.657+0.054 0.716 +0.093
Irregular 0.004 £0.049 0.703+0.072 0.211+0.087
Reverse —0.103+0.049 0.738+0.037 0.423+0.190

H 4. gjdo] ©hE H49] BAZHE ] FD).
Table 4. Mean value of variable according to the pattern
(bicep femoris).

A B R?
Normal 0.210+£0.028 0.720+0.036 0.884 +0.054
Amplitude ) 190+0.032 0.647+0.052 0.713=0.111
Irregular  0.055+0.026 0.714+0.074 0.237+0.119
Reverse —0.122+0.045 0.741+0.050 0.489+0.162
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