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Feature analysis of low limb in children with cerebral palsy based on electromyography and
angle of ankle joint
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1. Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences, Shenzhen 518055, China; 2. Shenzhen Key Lab for
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Abstract: The study aims to analyze the features of low limb based on electromyography complexity, the angle of ankle
plantar flexion and dorsiflexion in children with cerebral palsy, and to provide guidance for doctors to select appropriate
treatments and rehabilitation measures. Twenty-five children with cerebral palsy in Shenzhen Disabled Equipment Resource
Center from Jun. 2014 to Jul. 2014 volunteered to participate in the experiment. All the patients with abnormal low limb aged
2-8 years old, with an average age of (5.44+1.85) years, average height of (108.44413.39) cm and average weight of (18.24+
5.46) kg. During the subjects walks straight for 5 meters at their self-selected comfortable speed toward a target line on the
floor, the MP150 analysis system of U.S. BIOPAC was used to acquire the information of ankle joints, including the surface
electromyography signals of gastrocnemius and tibialis anterior of low limb; acceleration sensors was used to record the angle
of ankle joints; Footscan plantar pressure system was used to record the plantar pressure parameters, and the gross motor
function test was performed by professional doctors before the experiment. Statistical analysis was carried out using SPSS 19.0
software. The experimental results showed that mean values of sample entropy from gastrocnemius and tibialis anterior muscle
of the more-affected side were 1.78 and 1.76, respectively, and those of the less-affected side were 1.45 and 1.39, respectively,
which showed that the number of gastrocnemius and tibialis anterior muscle motor unit of the more-affected side was much
more than that of less-affected side in children with cerebral palsy during walking. The mean values of the angle peak of ankle

plantar flexion and dorsiflexion of the more-affected side were 49.89° and -5.29°, respectively, and those of the less-affected
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side were 54.28° and -8.20°, respectively, which showed that angle of the more-affected side was smaller than that of the less-

affected side. The distribution of planter pressure of children with cerebral palsy was asymmetrical, and the pressure of mid

foot was largest. The time of initial contact phase, forefoot contact phase, foot flat phase and forefoot push off phase were

increasing in turn.

Keywords: cerebral palsy; complexity of the signal; angle of ankle joint; gastrocnemius; tibialis anterior
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Tab.1 Information of children with cerebral palsy

Parameters CP I 1T
Number 25 16 9

Age (year) 5.44+1.85 5.38+1.86 5.56+1.94
Height/cm 108.44+13.39 110.94+14.26 104.00+11.03
Weight/kg 18.24+5.46 18.75+5.60 17.33+5.39
GMFM_D 35.96+6.79 38.44+1.03 40.44+15.12
GMFM_E 83.91+18.29 62.31+8.20 40.44+15.12
Berg 49.08+10.73 54.31+1.25 49.08+10.73

CP: Cerebral palsy; GMFM: Gross motor function measure

BN S BROC A B, B0 R AR AN T 2R 1 B OC
7 55 R A% Sk 2 [) %) R 2 5 55 [E] BIOPAC /2 Al 1Y
MP150 £l RAE R G AT 4 400 000 5/s, TEL100C-
RF VU3 38 Jo 2 U R 40 (IR 25 75 m) |, 54 8c
Acgknowledge 4.2 JRAS , AT TETCR & b #8125, R
FER A R, TR B LT E LR T RO
WA B 7 LA R T LA 5, AR A A
AP Ag/CLHIAR -, FARORSBAIX 1547 52 mm, &
FE X B4R 10 mm; FE A RS Scan 23 &) H 5 Footscan
Version 7 & IS 120 850 R Ge il 2 10 5% JL#EAT
R ECHE A IE 7 53T R B RN 25 R S al
1.3 R E

S« Bl BE O B ¥ 4T GMFCS
FPPArE 1 DA I

SRS T A2 IR AR R T IBHER L (Gastrocnemius,
GM) FHZ B A UL ( Tibialis anterior, TA) , & 1 25 CA5
A EARE AN, 0 S FR 5 255 B AR PR A 0 3
J7 1] 5 SRAE WL PR £ 4 R A g 1) AT, PR HL AR s
[ 20 mm, A2 A ER S A&
L kST 1 min 5 FFAR T A AUE PLUE DL A C il
FFEMER ML EESmEE EAmTTE, AH
MP150 2R 4E Z 4t [R] s R A 20 M HE Rz L A O HE Rz AL
e 000 8 i LRI A O 1 L 4 B L P % 2R T AL F,
F RFERN 1000 Hz, & 1R, B AR 1K,
BRI T Z 3 E K, 2~3 min, DUEEG LA 55 o



533 FESCHS, 5. BlfE LB T IBULHLAR 5 FEROC TS A B A -261 -
N PRI IZ 8 BREA IR A -
A Sampen(m, r, N)=—In B () (6)

MTx-right
foot

Two Bil Nomadix physiological recording modules
GM: Gastrocnemius; TA: Tibialis anterior
Bl fREsZidE it 2

Fig.1 Test process for children with cerebral palsy
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——

Angle of ankle joint/°

i
[ ==
=

-20.00
0

144 BIRSE —BAAHE R WE S
AHSE . SR TRRERAA 1 3 X 3R 104 DX 565 1k
(T1) 55 2~5 Bk (T2-5) 565 1 BhEr (M) 55 2 B R
(M2) F53 BhE(M3) Ff 4 BhE (M4) 5 SBRE(M5) L2
55 (MF) 2 B A (CHMD) A2 B A (HL) =, UL
3o BRI RS R 3 XK 5 2 (HML, HL) (rp
JE(MF) R 2 (T1,T2-5,M1,M2,M3,M4,M5).,
1.5 GEit=aih

K HI SPSS19.0 Ge b2 AF X 4 Z 8 AT 43t
SR FH B PR 2R T 22 43 AT 3 s e D30 A 1 %o ki e )L
H AR S REA O M R E S S 80
AT o E R O TR P2 28 LAE WL S A



-262 -

i B e 2l

$34%

T1 : Hallux,
T2-5: Toes2-5
M1 : Metatarsal 1

M2 : Metatarsal2
M3 : Metatarsal3

M4 : Metatarsal4
MS5 : Metatarsal 5

MEF : Mid Foot

HM : Heel Medial
HL : Heel Lateral
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Fig.3 Plantar regional distribution
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Fig.6 Maximum pressure distribution of a foot
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b: Distribution of the balance parameter H2 in foot heel
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Fig.7 Distribution of plantar balance parameters
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