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R R AN N B LEFAHE (Posture  perturbation)
MR, X H 2 &R 48 (Central nervous system,
CNS)XF B 1A 2 S JIL IR Y P s g 43 3 8 1 T 3
PH Y 7 75t (Feed-forward mechanisms, FFM)Fl JZ i
(Feedback mechanisms, FBM) W #AS [6] 114 25 LA
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Ja RAY, R RN P 1 #5905 5 (Compensatory
postural adjustments, CPAs) (Shumway-Cook et al.,
1995) . APAs i i X B A& L Y B9 150 383 (Pre-
activation) LA K [ AT 380 199 PR 55 HIL i 4 =75 0 42 il
CPAs (1) HR S5z 137 B[R] RS0 53 B2, A8 BE T~ CNS 7E
BILAAR T8 38 58 PN 38 RS0 38 4 34 TP 45 41 1 X B 4R
LA FN B AE PR 7 AR e e By 9 i A A
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200 ) R i 3 T PR A e o L PRI B g ) HCAth
DL AR S e K2 Sl 4 i 59 A0 5 R 20 EEG L fMRT
S5 U AT 137 PS54 | R S P 2 A D DR X A A R
iz 3 ¥ il BF 55 W) 75 & . Leinonen, Kankaanpii,
Hanninen, Airaksinen Fll Taimela (2002)% Hi% J5 %
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Tl A o WL 22 2R LR R ARG S L JULAE TE L
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PLE B B HERR TR R R T 1Y APAs, TR H]
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I 8 3 5 K PR AR, Bk A T APAs f%
WS, T CPAs fi/ls, HOh FAEIEL, T4 6
BB FNRTIN 2 AR DN TG APAs, (HA N
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BA—ANFW, EoREGOFIE T, LS5
T B, ZERFETT 90 BE, AR B ARE RS 3T
G 0 4 2 A W Bl A% TR A LA SR ) B W 4w V5 T
BT I | e AV 5 AR P Isf [] o A7 SRR SR ] e iy
Jr K i S R L R, AU R 0~105 dB, M 7 B[]
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FE PR B AR R, s el S, B
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S8 A FH B0 H B ik SR A WA UL Y 2 T UL HS
(Surface electromyography, sSEMG)J%3f, & /)L
P S LA () BIC) RIS LA (450 LES
A LMF) . 4% B ) B2 22 5 il B B 5% 3 R
(SENIAM IR 23K, 525 sSEMG 15 5 R AEMITE &
T A¥(Hermens & Freriks, 1997), Wi A LA S|
SRR, PR R AR o 2 S A UL PR B o 1) — 2L
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H75% PR A BRAGE NG T B2 k2 mi L sk /N BELATE
SEMG {55 RFEHIZ 1000 Hz, i ABHS/NT 10
GQ, M IEIL 10~500 Hz, MK FE/NT 3.5 uv,
K ME6000 (Mega Electronics Ltd, Finland)# i
AL AUCR4E SEMG 1575 .
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BUEAF(LES: 2(1) = 9.05, p = 0.003, ¢ = 0.213; LMF:
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&

907 ! X

*

—
801

r—’H
glEkER

’e w oz &

O 2R CE D)
a2k Z (Wit 5

=)
?O

(=]

201
101

APAs Yz #2(%)
R mmm

0+ —
WEZ3RML R

b

JUI. ]lf/. il &{’\é HJI.

ARLRTF T EBNARSENIA APAs &
HER R 22 5 (RN p<0.05)

K 3

3.2 SCFART B %R X ZA A AFIEA AT

i B 8] B9 &2 i

L5 RV [1] 2 28 X6 5 B UL PR RN B0 A UL A 9338
TG BT AR PR LI 4. UK ZET5 250 kW, M
W 2 N S LA ) T BsF ) A I 5 el (] 4b,
& 4c; LES: F(1,91) = 14.96, p<0.001, #° = 0.052;
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Jil = Sk UL T3 3% Bk () 3404 B Sl s (1) 4 LG
2%, F(1,91) =20.90, p<0.001, #° = 0.069; i} a] £k
R F(2,91)=3.89, p=0.022, #° = 0.027), LI JH
AR 25 B TR BsF 1) B S 7 AT, L = A3 4k
ZAE T PR B B R T S EIE (e = 0.005), {HAL
W 2 2R RN I 18] 2 20T Bl A JUL PRI F30 380 37 A 1) I B
ZHAEMFQR,91) =131, p=0.272, #° = 0.009), It
Gh, ML RGNV FHRMT, 5300 LARKS LA A
AR AT AR Ay S 565 AR 1 R A7 XU R R 254087, 45 SRR
PBE 2 2 AL PR S R0 990 380 1% 1) 359 4 BH . 320
M(E S, ML F(1,91) = 62.87, p<0.001, #° =
0.070; WLAZEAL. F(2,91) = 23.21, p<0.001, 5’ =
0.053), FI M AR S50 14 T30 B 1) B J B 1
PTHR, 2 AL A T80 B 1] B f B2 sh AL, R
D 2 2R R UL IR 28 R0 6 F0 38 % BsF R DG B I A8 B
F(2,91)=0.58, p = 0.559, ° = 0.001,
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P R[] 2 R 2 AL A S ENLIAL CPAs
J IO 9 A R DL 6. WU 2y 22 A T B,
ML R X BIVENLIR L — 3k Il CPAs S i B A7 Bl
WAEFH(E 6a; F(1,91) = 7.32, p = 0.007, #° = 0.025),
FH RIS Y CPAs J 7 i B 6 38 K TSR, i
HTIE%%%‘?Er’ﬂ’ﬁﬁﬁ%%ﬁi%%xw(z,m) =125 p=
0.289, ° = 0.009), HL5E I AR KX CPAs 51 3%
Fﬂﬁﬁﬁﬁxﬁﬂiﬁﬁ(nz 91) = 0.51, p = 0.599, 5’ =
0.004), &b, HuE FHET ] 2 % 22 UL A9 AE
WA T B Geit2A 2 (B 6b,6¢; gk Z . LES:
F(1,91) = 2.15, p = 0.144, ° = 0.008; LMF: F(1,91)
= 0.92, p = 0.338, n° = 0.003; WfE£EZ: LES:
F(2,91) = 1.39, p = 0.251, ° = 0.010; LMF: F(2,91)

=0.26, p = 0.772, n° = 0.002), HICHW B3 HAEH
(LES: F(2,91) = 0.14, p = 0.866, #° = 0.001; LMF:
F(2,91)=0.13, p = 0.882, #° = 0.001).
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1] 5 VAT AN T AR R AR B 2 B 22 T 5 Y A
SRR, T ER TR A 78 2 AR R R 1%
PEIZ B B S B 0 R A ML, DT SIS X
B 1+ 90 A0 LR 4 BR8N A H (Ghez &
Krakauer, 2000), LIfEWFFEHEH, HULARTE 38 4 Fh
WERFNSNER LT PR T CNS KB H LA F5)
VEWLP PR B W3 591 1T T FEM A FBM B RRAS
[F] rypp AL, LARAk CNS iz =il o) | $2
1 32 Bl 8 i %0 OR S B A B ] 42 i (Santos,
Kanekar, & Aruin, 2010b; Hyodo et al., 2012;
Krishnan, Latash, & Aruin, 2012), {H&fXJAS 6] 505
PR S X HL A A S AR LA Y Xz 2
PRI RVER, BRI AERE . ALK RSN LT
P, WIS TGS AIES 0] 5] S R AT EAALA
FBHAE LA T 25 APAs Fl1 CPAs 2 IR, & BRALGE
FIRLRBE AT DL A B H WA FISIENLA APAs 1Y
PEFT A A, AT LAG IR ENVENLIN CPAs 2 i 38 JB2 ik
/Ny T[] | e RANBE S | A sV E WL A T30S £ i,
LA APAs 1 CPAs JTCHH B2 m ., DL 4%

PEo, VG RN H) 5| 2R R X5 K APER LS TH 2%
P N F LA A S 1R LA 0 A Iz 3l 4 il 2
AAISAEIR BE A

ML AT [l R 2 DLl R LA &R 48
A APAs YRR OGS R, BAR HATOT IS X
Tl 0 SRS B 8 TE 58 R B T ML AR R v
XI5 45 i ML) 0 22 AL P 7 A s o A T A 4
S PR S B 9EE SR B[R] (Crommert & Thorstensson,
2009; Leinonen et al., 2002; Hwang et al., 2008;
Brown et al., 2003; Santos et al., 2010a), {H&X}F
PR R o R Y 22 e vk, T HOR B XA LA
FBIVE LN PG ZEAS [/ D Be 43 T LRI AR FH 1 25 4k,
HHETHFSE A 2 W ASBIF 5845 R — T T & A0 o 2k
REEWEH B2 B LB NUA APAs KA | fRI L5
JUL PR 00380033 BsF ] A S AR B LI S T sl PEWLIA
PR RO BRGNS AIE 1 Aif A O Tl 2k
K| ZANIA APAs MR IAEALE; Ji— 7, oF
FE ik i — 2 R AL 8 2k R TR e 51 R L HJLIA
APAs KAFR, ISR AE BT P00 B () T R B
TR R, RAFHEL R PR APAs H
AAFVE-

LN 5 S AE LT 30 5 P A 3 3002 6 Af
RRLEHT RN T Bk 0T MBI VENLA
RORN IS I — A EE RN R, HEEIT AR
LANLR S S VENLIR A& S5 S B fe g o

WO BB AT LA 350 38 5k %o 22 AL A s VR LA
¥R T 33 3% V81 45 Sl UL PR A B O RE R R, D S
CNS (% {JLIA T 20 B3 [R] 7 T (Frank & Earl, 1990), LA
TERFFEAE Y, 32000 RN 58 T RE A8 i PR 4L A
F14) PR 52 %7 B TR RO A PR B 1o 5 B2, (L X 50
YENLA i Sh B9 VE FT AN 58 2 28, AU B 5 & 31
SR NL A TE A B 58 T 1945 D0 T 23 7 AR B e 1 i
7% (Shiratori & Latash, 2001; Eckerle, 2010), ik
A ) e R XTSI TENLIA APAs 520 H R i JCHFIE
AWFTE R, MEVENLA T, BRI LR A
[ R AT ZNVENLIN APAs &A= 3 (10 1 G Wl 25 22 572,
LR 5 28 2R R BT R 28 28 0T T8 B (1] 1 3¢ 90 5 ]
RO, B E TR A AR T O T I ] T,
e 4 AN [i] 2R o TS0, 10 2 S A, MR R
AT e N EAE LA Y CPAs B, DL ST 4
L NLA 5 S E LA 1 Sh R B R 800, X — 45 2%
5 Leinonen %5 (2002)A9 M55 AH— 2k, {H ]8R X
SIAVENL A Y PR 3E S0, T 52 )

G RGPS T ki % 22 LA Fi Bl 7k
WLATY APAs Fil CPAs J&: 245 B 1A 50 B R AE 5
By By E g L], T LU O B
EE N SNENLAZ 5% 3, Bhafitik 4 Sl
AR I i AR Y& A e W [ RV N = N R NE
R RES R, PAAE 2R B RO A2 5E (Friedli, Hallett, &
Simon, 1984), LAFEF5T & FL, APAs il CPAs 57 44
7/ N B /05 SN /W 5 111U SN (=R S T N G
KO L ARV AT: 55 PNl i 45 2 b 2 WL &
AISZ IR, 2 3 HH — i Y RE A M RN 7€ P (Hugon,
Massion, & Wiesendanger, 1982; Shiratori & Latash,
2001; Uemura et al., 2012; Haridas, Gordon, &
Misiaszek, 2005; Eckerle, 2010; Tomita & Fujiwara,
2008; Yaguchi & Fujiwara, 2012), Tii¥f FA[F5]5
RFAE AR 20 BT A58 2N . A SGE T
LY BTN, BLGE RN (R 2 R X T 98 K BT
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Abstract

During self-induced and externally triggered posture perturbations the central nervous system (CNS)
subconsciously activates two different neural control strategies named feed-forward mechanisms (FFM) which is
presented as anticipatory postural adjustments (APAs) and feedback mechanisms (FBM) which is presented as
compensatory postural adjustments (CPAs). Because of these two neural control strategies the postural muscles
can respond rapidly in 50 to 120ms and the center of body gravity can be stable. It is a classic experiment
paradigm that observing FFM by APAs changes of postural muscles triggered by optic clues. However, sudden
loading and unloading triggered by temporal clues is a new way to examine neuromuscular rapid response
control. Its impact on APAs and CPAs of postural and focal muscles during sudden posture perturbation is still
unclear and the interaction between optic and temporal clues has not been reported yet.

This experiment aimed to examine the effects of the optic and temporal clues on APAs and CPAs by which
CNS acts on postural and focal muscles during externally triggered posture perturbation. Sixteen healthy young
adults were subjected to the classic ball hitting test (BHT) in six conditions combined by optic clues (eyes open
and eyes closed) and temporal clues (no counting backwards for release, counting backwards of release by the
experimenter and counting backwards by subjects themselves). EMG activity on right side musculus biceps
brachii as focal muscle and right side lumbar erector spinae and lumbar multifidus as postural muscles was
collected. The incidence of APAs, the latency of pre-activation and the response intensity of CPAs of the
muscles mentioned above were calculated in order to reflect the effects of perceptual clues on APAs and CPAs of
postural and focal muscles.

Our results showed that the incidence of APAs of postural and focal muscles was significantly increased
and the pre-activation of postural and focal muscles was significantly earlier with optic clues than without.
Besides, optic clues significantly decreased the response intensity of CPAs of the focal muscle. Nevertheless,
temporal clues primarily induced earlier pre-activation of the focal muscle without significant effects on APAs
or CPAs of postural muscles.

We conclude that the effects of optic and temporal clues on CNS motor control of postural and focal
muscles during externally triggered posture perturbation are different. Optic clues have significant effects on
APAs of postural and focal muscles and CPAs of the focal muscle, which suggests a pre-activation superiority
for optic clues. Temporal clues only have significant effect on APAs of focal muscles.

Key words optic clues; temporal clues; anticipatory postural adjustments; compensatory postural adjustments;

externally triggered postural perturbation



