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Effects of translational perturbations with forward and backward directions on postural responses Wen Zixing, Qi
Qi, Wei Xiaoyan, et al. Shanghai Sanda University School of International Medical Technology. Shanghai
201209, China

[Abstract] Objective: To investigate muscle activations and the kinematics of the postural responses to external
perturbations with forward and backward directions and provide theoretical guidance for the rehabilitation of patients
with balance disorders. Method: Three-dimensional video graphic and surface electromyography (sEMG) data were
collected from 13 male young people, who were disturbed by forward and backward platform movements. Horizon-
tal CoM displacement, onset latency and magnitude of muscle activations, and angular change of three lower limb
joints and trunk during postural control (from onset of perturbation to 200 ms after perturbation) were measured.
Results: The results showed that when platform moved forward or backward, CoM moved in opposite directions.
The ankle, hip and trunk showed opposite angular changes. The gastrocnemius muscle had greater activation magni-
tude when the platform moved backward, while rectus femoris, tibialis anterior and erector spinae showed greater
activation magnitude when moved forward. Except rectus abdominis and erector spinae, there was no significant
difference in onset latency of other muscles between forward and backward perturbations. Conclusion: According to

different directions of surface external perturbations, the central nervous system will automatically adjust postural

responses by changing the pattern of joint movement and muscle recruitment to maintain body stability.

[Key words] postural control; external perturbation; kinematics; surface electromyography

BT E AR AT FR M RE L e AR AT — )
BRGSO 2 A Bk UF R E MR Y
B B K T 0 (Center of Mass, CoM) 5 7 #
(Boundary of Stability. BoS) fii # 3¢ % i fig 711, 24
B R B0 B AL T S Y L AT S A B
e 2 i R M A5 U N AR 5 2ok 0 AP B B A O A

BT H . B R AR 4 (R4 T H (20162215)

W H 399 :2017-02-22

P B 1. RS 3K 2 B 1 BRI 2 R Be . 1 20120952, 38
WARE R BT — AR ERE . B 20008053, LK HE b id sh R
F2BE . BfE 200438

EHERA R R Q91,58 &, FENFZh AW = REEY
FEBH 7 T BT .

S RAEE « fG/ME , showyan@msn. com

RE M B U T T I 1) % i bR 25 L O 4% A5 480 i T gt
WIS o 2 A A 0 Y — S T e e
Ul 7P 15 1 5 R T A% mR B8 R AT 2 28 7 1 S SR sk
gl 1 0T 0 A A e e A% O i az Bt
BARSEILPY 3 BURE BT . ARG AR TE SE 24 T
ANTR] I8 2% P X AR 328 3R] 1Y o R i B F 5 0 T
o5 (N T A ] A2 A e R £ B A AT
[[IRSPAN N5 i 10 1 7 O A S
o A A ke A A A 20 BT X T AR S LY Y
By b K LR 1] £ 0 3] 4% 1 ik ke /D AR SIS SC
B A BT ST FERN L X AARTE 32 BT 5 A7 1) 40
By Je 097 S 0L 2 A 40 23 A 5K 1B A BT A R P 7



PEBEE - 20174 10 B - 45 32 B 5

T 7K P D2 SO - A 0k A2 o e e s sh L e =
T B B OB AFAE2E 57 NS e B E TR
PE— 20 A AT 50 B S Rl Sy - A 05 R Y B A2
LIRS,

1 #BREFE

1.1 —a## W 2016 45 5 H ~2016 4 6 A |
WARE ¥ Bt B IR R4 13 4, FHFERN
(22.1+2.0) % B E A (174, 743, Dem, F K
HHG69. 47 ) kg BRZIAE LA RGN, T
JUL IR B 5 45 47, O 2SR SE AT 24h N R AT R ZUAK )
5 2l LI A5 M 2 A LI B JF 8 G
Eh=S P

1.2 7 AKFREm 460 B HKER 3 &
Cant&l 1 Frm) AR PEAT 55 10 75 22 0] 7= A 3k 51O B TR
J5 B WA J5 1] S [R] 5 BE e 3, o G2 — 0 3l 5 B A
WF 58 ks 32 0 IR VEFE Sk 80k . I K 43 ] 52 T [+
— LB, AVFR D S G AL B T
0.43m/s, 58 0. 38m/s, 5 FE ¥ it 2 25 A S F 5% % T
S LERT . AR A 2 R AR 2 R S A i A
T iz B2 XL O . 38 3 2E Bl B R AR V-
CON =42 bbiz g i 42 5 70 01 & 48, >R B i %
100Hz, JJUHLECHE 19 5% 4 4 ] Delsys Jo 2 JJLHL SR 4
500 255 RAEESI A 4000 Hz, B BUIL P M 18 B UL, 5%
FLUU B L R B s A UL L e = Sk L L JHE iz UL P il
Sk HER LA Sk - B LA SR B 32 120 00 35 R A UL H,
55 o D0 S5 R 0 BT 5 92 Sy 2 4 o B A ke 9k e 0 15 1k
T, A SR BTk S B R RS B AN T
[ K7 I N R T 72 RIS el D W S A YA 2
YLzl F & b BB A SRECT B R WG, XU ST SR
G3IFYY 10em, HRIG 90 RT 7 » B R 520838 2 B ims . 78
B — WM, 5T N D1 7R 52 1 3 J0 UG 0 T ik
HHE, [P M RR AR kAR,
R AZ A P A RN L R AT B A S A 4 o T
i B S, ISR 52 1 A S B o AR rpOBURLAS R B T
6L BRI T By 1k BRI R R EGE AT,
H T B 1k 321 AR 32 A, 4 v A A8 A 52 A
BB TR AR AT A 2 ) IR I B

1.3 #E4rk B F IR Visual3D 208
HEAT A B4 B, X R GR (5 5 34T 6Hz B9 Butterworth
VK3 08 O Ak B L ST B A AR BIE 5T T 32 B 2F BN
CoM TEHIJG J7 [l P B8 o BRI S L 561 I K
TAE SR T N Y R A A UL H BCHE B Ak B
sEMG works 155 2R 5 70 4 i 47 4b 3 55 B % i
W15 5 947 2 3 . 10~400Hz 4 Butterworth 2 By

405

TR
L
_ ———

1 ARSI T BN A

3 308 Y Ah BRUOT A HIE 5Tk B UL R 8 B A A B LA
IATF I 080 2T J5 200ms 4 57 349 L H B3 UL Ea 1
53 e L PA) A 0 A 3R I TR] B A 3 O 4R 2 0L IR S
i 20 14 i R0 3800 B 2 1) 5 S < LR AR A K 7
A% 8 Lk 3k 7 JULFEL O (A 9 2 1B 0 B 20 1k 3 S LR
55 A B I T A2 i Ak ST i g LA AR S
ls[lljo

1.4 %it# & KM SPSS 17. 0 Giit 8k k47 %
WO GETt2 b A R BERH ] 2 £ s RO A Al e RCR
FAES BB %, L P<<0.05 WEFAELiH¥ &
X,

2 HR

BN A o= E 1N N RN 2 i)
PSS, CoM By AL B 3 B AR B2 1) 52 8% T 1), & 2
LA 2 AR 2 2 ul 577 5 5 B B E 3E. CoM
ES PN iR 22 BT PN v S SRR AR /R
Bt CoM 2 1] Ji 75 o BRI VB B 4K+ 12 28
Fopr il i B b i A AR R B TS CoM # 8l U7
AR BLAG S5 5 e 1 R 4 I FE B iz sh B Be ke
B T 07 ) AR SR ff B AR AL L AR 2 B3 S B R R Y
USROG B i | 8 5 1Y T A0 K i i i
32 B 0l N7 RS A B I RIS BR OGS e L8 G T
HIHEFJ5 A0

=)
]

Jaw i
1 e

NILE

CoM{iL&E (cm)

2 CoM i # AL R



406

2l
H—

£ 113 M ZiRE LT IS 032 3 2 B P

BT —11.02£7.28 15.55+2. 77
WEoeT 16.894-11. 37 —4.5342. 24
KT 25.75416. 83 —15.2947.78

I« B MR e 00 (8.9 % B G L (8 26 % BRI I 5 4 G
SO 1 IE (89 7% 15 R L 6 6 T 60 5 KT SR o OF (8 9% 9K
TG L 60 2 3K T A

2 Mk 3 R TS &R 200ms P E
B F S AU WUE (B, DL B2 32 380 e 22 8 A O
ERESETRZI) =R ISR e TR VA B S D = = 4:0 N i 3177
WLEY B B 5 B 2 K T b 2 F A RT B (B P<
0.05) , i e EL WL L Ji2 1 wir UL A0 2 B " 5 L 1 UL Pl 356 3
W) 2% B0 3 7 & m RS I B 35 K (38 P<<0. 05), X
T LA B S E) 64 43 B & B, 3l <7 S S B I EL
O B RS E RL TR HE B B (P<<o. 05) , TR L
W 2R B Sy 3 37 7 5 RS B TR B ) AR (P <
0.05) o oAb L P A4 3 0% B (R LY L 25 F ¥ R ge i 24
D

2 BUNZAESNAEHBSNBEMELE oV.zts
A WAL PR N B 718 P
JEE L 10. 94412, 68 8.45+11.68  —1.33 0.182
B 5.8944. 37 10. 46+6. 34 —2.12  0.034
JIZ - i L 8.6345.28 43.61+13.11 —3.06 0.002
[55egillk 3.2941.29 6.86+3.34 —3.06 0.002
B3k 4.684+3.87 6.87=+6.00 —1.80 0.071
MR LISk 17, 66+12. 41 8.2247.94 —3.06 0.02
MEmWLAM S 11,1647, 23 4.86+2.91 —2.59  0.01

RT3 13 03I A L P e 1] LR ms, x5

P W TFRERE W AR Z A8 P

JE E L 97.5426.6  159.5%79.9  —2.28 0.023

B E AL 115.0431.1  103.74+29.7  —1.26 0. 209

JIZ - wir L 67.4441.5 74.8+20.4  —1.02 0. 308
B 150.7+34.8  111.9%32.8  —2.49 0.013
B3k ML 124.9434.4  121.5%+37.1  —0.628  0.530
MR LA Sk 43.1+24.8 63.0£79.9  —0.622  0.534
HERm WLAMI S, 49, 6+18. 2 48.8429.6 0.000 1

3 g

A B IAAESZ B A T 0 TR, S T Bk kA Y
KA LIRS 3E 1 1 B 00 % Feme By ok AT R M Y 4
il B S ) R L R 2 R e T L A RE L AR
B R B SR B AL AT RS I s AR B
Y Ty ) KA Bl R A AR S AR R L, R LA Y 3
G 3 PR 32 B ok 45 ) B R RO 1 RS 3h L 8 A
AR I A5 AR AR5 7 S 4 T Y R
3.1 CoM 1x# 7 ey *F £ H 4] Rk wg %  ANKF
4 ) de 28 23 1R B A B MR S0 0w B D, RD
CoM 5 L #E T 1) 56 R P8 T AR 45 H k], 45

Chinese Journal of Rehabilitation,Oct 2017, Vol. 32 No. 5

il CoM 1Y I B8 J2 N A4 i 47wl 57 S A= il g i 22 H
BRET S 2 AR 22 3 3k 577 5 10 8% 1 A sh i B 2 B
FE BBk WSS il TR DABR OGS
Sy B A A AR A 23 A 45 B R AL R B A
O 1] SCHETE I 5 07 . AR, Y RS2 200 7 B R
07 W) i I = N TN A T = R NN 1 R N ) S e
AR T I . CoM A3 & i % 7 1] 19 AS [ . e
FE T NARAE S Ay 28 35 0 4 ) BV A i 52 3ot R ol 25
FHAS [] 1) 225 34 il S s

3.2 ZAVHEHF AN N o AR R
3 o 2% G ) e 2 ol I 0 T ] 3 7 Al 7 L AT
P J7 0] B AN Rt e 1 S A il o i vh 45 T a2 3l
) (25 5, R R R F Y iz sh a0, M2 F &
JE R W W BhiE B B, BROC T 18 3 R N L G
TR A KT A S A 5 2 5 ST 5 R RS B, A R 3R
P AR S e 7 . 4% RS2 B O Il i 25 el
T FEBhis s B B 58T R e 1 AN [H] L 7R
32 30 il 57 S A T U S AR BRGS0 9k B e |
AT WA SR T BB B0 5 AL BLER DG Y E B B
JAHIN (5 S A= S S TN | e =) N 1K (S S R ¢ v VAR (1 )
RO, 25 2 1y 3z 2 77 1) WIAH 2 o 156 BH 78 A AR 32 21 J7 1)
ANTRI AR T SR B, o T 4R IR S, 56y a2 8
B IF AN AR 7] 7 T e i R A B 2 DI kil R e A
AT 20— 7 S 2 O AN A 4 T AR i AR CE AR H R R
TG b R 1 B BT . IR T AR e R R T
AR D 0K TR AR R R b AR K H
HOR T EERKFRE LZm T CoM MW, 78
RN TR L KT 5 B AR TR A Y
P, Az B uh S F G AT s i IR T4 B S S
I F R B SE, S R AAE L E R, 4SS
CoM fii B A2 4k, AT LA H 4K T 19 41 & 2 T 38 CoM 1
B8 1) B B, GE Ak A S UL P Y Bl Bt R i 4 K
)iz gh Al LA/ CoM W R A , 38 i 28 4 e ok .

3.3 WLABh R RO AR LR AR g o A OC LR Y
B 3 B R 4 1 4% 56T 1 42 sh T 3 g i S i it
R R Z LA BRSS9 R b7 . A BT &
ZePr il 7 ) — e B0 2 LA Bh B R R
o TS BB S R 1 K e gl LIS P &
JE B W BROCTT 12 3 ), AE R B R AR I B E OF B
B 8% 51 e Bl s Pl T BB DG T ] B UL PR A oA i A R
5K BROCTT AT L M A2 B A2 B Dok
P B OCT HE— 20T Y AR 2 1 SR )
D5 T AN R B, 4% 56745 8k shiz 8 i i AR Al S 80 T 8
P B b = B 5L A A TR [ A DUBR OGO
i) AHIE 5% 45 5 L 3l S IS B B JHE B WL sl D3 R



REBEE - 2017 4F 10 H « 45 32 %45 5 1)

Y 255 DR T B UL T 3t S7 T TR I D 3 B O I T
JUUAY Bl D3R B 1 25 R WAIE SR T DA b B BRI HE T

G JULAE 18] F) B 90 44 A 228 A il B A B B 9 £
FHES AR5 v phy UL PR R T] AT DA L R R =06
T BLPY A S I RO S e 22 L B E SIS
FEPCUILF- [R] i  » LABRSC TS D 91 HEJi DL B3 2l 53 /]
DAF RO 1Y B0 ik o L R A JUL A5 2 i A S BOBR SC T
o B A o B B 2 S BON AR B PR OCR A L TS
HiT UL RS 31 53 AT LA 200 b 47 A 88 5G4 8% 1o J3€ 8 e B
Jizn JUU-55 1 LA I 38 TR 5 T LA S0 94 v 28 i i 47 2
AR EE R R . N ARAE 52 B A [F) 7 ) (4 - £ 48 2
IERE S R o Buns s S I NCITUNINSE 2 Sy Wi S S ]
iz B FPRKR 2 AR G2 AR AN R J7 1 el A B
TN W S 3 o B 8 2l UL 5 5 R A T B L 4
R 2% IR 3z By TR A 0 45 ) A S
PRI N AR LR RO RRSE . X fen FRATT A AT s ULy
A R B B0 R 3 R A Y S 5 R A A R A R
T LU 48 FLAR 8] R A7 A B0 B B S I 25 L O AR 4l
o I 4 S ST BEAT HOH AR 6 TP B BB TR

(&% k]

[1] Davies G, Elison S, Ward J, et al. The role of lifestyle in perpet-
uating substance use disorder: the Lifestyle Balance Model[ J].
Substance Abuse Treatment Prevention &. Policy, 2015, 10(1):
1-8.

[2] Keshner EA, Dhaher Y. Characterizing head motion in three planes
during combined visual and base of support disturbances in healthy and
visually sensitive subjects[]J]. Gait & Posture, 2008, 28(1): 127-
134.

[3] Mecerory JL, Chambers AJ, Daftary A, et al. Dynamic postural
stability during advancing pregnancy[J]. Journal of Biomechan-
ics, 2010, 43(12) . 2434-2439.

[4] Hazime FA, Allard P, Ide MR, et al. Postural control under vis-
ual and proprioceptive perturbations during double and single limb
stances: insights for balance training[]]. Journal of Bodywork &-
Movement Therapies, 2012, 16(2) . 224-229.

[5] Ramprasad M, Shenoy DS, Sandhu JS, et al. The influence of ki-
nesiophobia on trunk muscle voluntary responses with pre-pro-
grammed reactions during perturbation in patients with chronic
low back pain[J]. Journal of Bodywork & Movement Therapies.,
2011, 15(15); 485-495.

[6] Meccrory JL, Chambers AJ, Daftary A, et al. Dynamic postural
stability during advancing pregnancy[]J]. Journal of Biomechan-
ics, 2010, 43(12) . 2434-2439.

[7] Schmid M, Bottaro A, Sozzi S, et al. Adaptation to continuous
perturbation of balance: Progressive reduction of postural muscle
activity with invariant or increasing oscillations of the center of
mass depending on perturbation frequency and vision conditions

[J]. Human Movement Science, 2011, 30(2): 262-278.

(8]

9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

407

Doyle RJ. Hsiao-Wecksler ET, Ragan BG, et al. Generalizability
of center of pressure measures of quiet standing[J]. Gait & Pos-
ture, 2007, 25(2): 166-171.

Chen CL, Lou SZ, Wu HW, et al. Effects of the type and direc-
tion of support surface perturbation on postural responses[]].
Journal of Neuroengineering &. Rehabilitation, 2014, 11(1); 1-
12.

Farahpour N, Ghasemi S, Allard P, et al. Electromyographic re-
sponses of erector spinae and lower limb's muscles to dynamic pos-
tural perturbations in patients with adolescent idiopathic scoliosis
[J]. Journal of Electromyography &. Kinesiology, 2014, 24(5);
645-651.

Kuo FC, Hong CZ, Lai CL, et al. Postural control strategies re-
lated to anticipatory perturbation and quick perturbation in ado-
lescent idiopathic scoliosis[J]. Spine, 2011, 36(10);: 810-816.
Mirjam P, Petra JCE, van der Burg, Reeves ND, et al. Identifi-
cation of elderly fallers by muscle strength measures[J]. Europe-
an Journal of Applied Physiology, 2008, 102(5): 585-592.

Hof AL, Gazendam MG]J, Sinke WE. The condition for dynamic
stability[J]. Journal of Biomechanics, 2005, 38(1) . 1-8.

Motoki K, Minoru S. Steadiness in plantar flexor muscles and its
relation to postural sway in young and elderly adults[J]. Muscle
&. Nerve, 2010, 42(42): 78-87.

Keshner EA, Dhaher Y . Characterizing head motion in three
planes during combined visual and base of support disturbances in
healthy and visually sensitive subjects[J]. Gait & Posture, 2008,
28(1) . 127-134.

Perry MC, Carville SF, Smith ICH, et al. Strength, power out-
put and symmetry of leg muscles: effect of age and history of fall-
ing[J]. Arbeitsphysiologie, 2007, 100(5): 553-561.

Maki BE, Mecilroy WE. The control of foot placement during
compensatory stepping reactions: does speed of response take pre-
cedence over stability[J]? IEEE Transactions on Rehabilitation
Engineering, 1999, 7(1) . 80-90.

Fujiwara K, Kiyota N, Maekawa M, et al. Postural control dur-
ing transient floor translation while standing with the leg and
trunk fixed[]]. Neuroscience Letters, 2015, 594: 93-98.
Masani K, Popovic MR, Nakazawa K, et al. Importance of Body
Sway Velocity Information in Controlling Ankle Extensor Activi-
ties During Quiet Stance[J]. Journal of Neurophysiology, 2010,
90(6): 3774-3782.

Santos MJ, Kanekar N, Aruin AS. The role of anticipatory pos-
tural adjustments in compensatory control of posture: 1. Electro-
myographic analysis[J]. Journal of Electromyography &. Kinesi-
ology Official Journal of the International Society of Electrophysi-
ological Kinesiology, 2010, 20(3): 388-397.

WA, WK, MRS, S5, T0 M % 3408 5 X AR S 2 3 )
S RN A BIF T (0. b R A B ¢ Ae Ak, 2016, (10D
1104-1110.

Blomqvist S, Wester A, Rehn B. Postural muscle responses and
adaptations to backward platform perturbations in young people
with and without intellectual disability [J]. Gait &. Posture,
2014, 39(3): 904-908.



