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Postural strategy during passive postural movement

~The influence of translation frequency on postural strategy~
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Abstract: In previous studies, it was found that the CNS organizes postural patterns depending on translation frequency.
However, the relation of translation frequency and muscle activity was not clear. The purpose of this study was to quantify
relationship between body sway and muscle activity by using cross-correlation function (CCF) and to examine influence of
translation frequency on postural strategy. We measured kinematics data and muscle activity of lower-limb muscle during
passive postural sway in the AP direction. Passive postural sway was induced by motion base that was translated at six
different frequencies. The correlation coefficient and the time shift between body sway and motor command were
estimated by means of CCF. We confirmed that postural patterns emerged as a function of translation frequency and center
of pressure preceded center of mass in all set translation frequency. These results suggest that the anticipatory neural

control is modulated by translation frequency.
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Fig.1 An inverted pendulum model for quiet stance in humans
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Fig.3 Typical time series of PS 0.8[Hz]

120

12¢

o]

Ankle[deg]
b

Hip[deg]
£y o)

td

r LI

100
= B0
=
= 60
e

o a0

20

£ 8o
E,
= 60
=]
U a0

104

20

4
x 10

25

0.2704 06 0.8
frequency[Hz]

o
0.2 04 06 08
frequency[Hz]

(8]
0.2 0.4 0.6 08

frequency[Hz]

o0
02 04 06 08
frequency[Hz)

Fig.4 ROM of Ankle, Hip, COM and COP

MGAS

SOL

TA

——t

Correlation Coefficient
n

Time Shift
[% one cyele]

i

0.2 04 06 08
frequency[Hz]

0.2 04 06

0.8

frequency[Hz]

0.2 04 06 08
frequency[Hz]

Fig.5 Integration value of EMG per one cycle

COM vs COP

COM vs Ankle

COM vs Hip

Ankle vs Hip

N

el N

N

L )

*

.

w

~t

i

~++

I
r " 1

0.2 04 0.6 0.8
frequency[Hz]

0.2 04 0.6 0.8
frequency[Hz]

0.2 04 0608
frequency[Hz]

0.2 04 06 0.8
frequency[Hz]

Fig.6 CCF of COM vs COP, Ankle, Hip and Ankle vs Hip

02-14-2



Fig6 iX¥ *~7 1 7 A D CCFHERTH 5. LA CC,
THERA TS TH 5. COMvs COP, COM vs Ankle {22\ T
WX, WICEWIEMBIN A STz (Fig.6 Top). L L7eR b
COM vs Hip, Ankle vs Hip {22\ T 0.2[Hz] & 0.8[Hz]HiC
BEANHEBNIZ. E£7- Ankle vs Hip Tl ELE R D
MM BRI DA 721 T2 <, 0.4[HZ] X v IEAHRE A
b AR ~D 2L 3 % & 7= (Fig.6 Bottom). % 72 COM vs
COP 1T T OAFEAREICBNT TS KRATH Y, COP
< COM IZ5E4T L T\ 7= (Fig.6 Bottom).

Fig.7 121X COP & #hiE @I o CCF # %/~ L7=. Fig.6
L REERIC B2 CC, THS TS TdH 5. COPvs MGAS,
COP vs SOL &= WIEAHBI T - 72 (Fig.7 B Top). COP vs
MGAS & COP vs SOL (3" TOAELAE K T BT
MGAS, SOL i% COP IZHEAT L, SEATIREHI(TS)IL 0.2[Hz] &
v 0.6, 0.8[Hz]D X 5 » & < 72 - 7= (Fig.7 B Bottom)

4, E5

PS BWCAMELE R K S Tun< &, B - IR
i - COM - COP ® ROM [ZHIM L 7=. L2> L7222 B4 ELE
WHk 0.4[HZ) 252 & LC, B REEIEhE & X BB EhEL 4 I
BIfR, 2F 0 HEE T AL NEOWHH N Z — 2 P& B
th L7z, WXBIEIEEZ RBIEEMEICR L THRXKICT 2 2 &
T,COMROM % SHLEIKAHE L EEZOND.
R &7 — o DZ2{kiE Buchanan HP1E FHEOFE R TH -
72, AEOEBRIIEEGZEE L T\izizd, BITiE
®D 0.5[HZ] L W IRWE L LB N R TE T EE LD
nb.

b STATERIC BV T, COP DIEMREIZ COM kv k&<,
FR A TH DM Lo LR35 PS 04[HZ] PR IC B W T,
COMROM 73 COP L W K& Mo =WNiisfEl Lo 7-. Zh
AN ELE R I L D i~ 2 — o o2 ki L b, 2B
HiZ il & LC COM OREM % X 5 i BB 2> & 1% B
Bz X > T COM 2 % il PR3~ 2 W B Ei s 1o 4T L 7= 7=
HEEZHND. FEHLITEWAELEEEIZB VT, COM
DE— 3 =R B EAIHEMT A%, COM i
ZEM ETIREE SRS LA LR AR TS RO %
FHECORH SN, BBOREENEEENTZEEZD
na. Fiz, FXTOHELE LIV T COP (X COM IZ
BAT LTV, ZhITEZR o oERERNL FETSH
S7-. ZEIRYERRT% EHE CTIiX COP (X COM (24T L, bE
B S RRTE EIFE TlZ COP & COM TR T A 78 )
S ZE B RRTE B & W E S (R4 B T A5
HIEOTENRERD EZEZBND.

COPvVs MGAS @ CCIZIETH Y, SOL LV K& h-oT-.
1IE®D CC X COP MR BENIRFIZ MGAS DHIEENZ LV,
COM ZHFITEETD M7 E2ETLTNWDII LEERELT
W5 . MGAS OiEENE SOL It L THEI TH v, Fiiiz
REFT 27200 RE Ly ORISR E BB E R L
TWVWD EEXBND.

COP vs MGAS, COPvsSOL @ TS XA TH Y, AELEM
BOBANT LS, SEATREB AN L 7. MGAS & SOL ~®
EENFE X COP I T(TRIMESHIE) Th 7= Z & &R
L7z. COP(HKRENENIILATT 2B EH AT HZ &
T, CNS 26 DMRIGEIC L D BN ZTRRL, LIV HK%E
LS L RBHEEIE S HE L Bbhs. £, 4
BLE B OHEINIE COM 2 M LICEET 5 £ 5 ed. &
BoOREWNE D D X 5 RS OSEATRER I X iz
LEZND.

- COP vs MGAS COP vs SOL COPvs TA
E 1
£ 05 —a—"
=] *
O
5 0 ‘\.ﬂ_.
S 0.5
S .
50
ol . .
28 | = =
N —
e —
*
-50
0.204 0608 02040608 0.2 040608
frequency[Hz]  frequency[Hz]  frequency[Hz]

Fig.7 CCF of COM vs COP, Ankle, Hip and Ankle vs Hip
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