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Abstract

Objective: By using simulation and modeling system and force platform to study the support stability of bow-
like stance and horse-like stance in taichiquan of different movement ranges. Meanwhile simulation research on
main lower limb muscles and joint forces were verified by surface electromyography(sEMG).

Method: Five subjects' kinematics parameters were captured by FAB system in order to build the simulation
model and analyze the kinetics and sEMG characteristics by force platform and sEMG system.

Result: (DIn different ranges of bow-like stance, the forces of soleus (SO) and biceps femoris (BF) were
75.19N, 215.8IN and 274.30N respectively, which were higher than those in horse-like stance. @In largest
range of bow-like stance and horse- like stance the distal- proximal forces of knee were - 1454.80N and -
498.12N respectively, the anterior-posterior forces were -1886.60N and -1947.30N respectively. (3 The correla-
tions among muscle activity simulation and IEMG of rectus femoris (RF), vastus medialis (VM) and biceps
femoris (BF) were significant, the correlation indexes were 0.900, 0.922 and 0.852 respectively.

Conclusion: In horse-like stance of taichiquan, the main muscle force came from RF and VM. However, in

bow-like stance of taichiquan the force of SO and BF raised also. When doing large range bow-like stance,
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the compression load and shear load of knee were very large. Meanwhile the consistency between simulation re-
sults of muscle activity and IEMG were better in RF, VM and BF.

Author's address College of P.E and Sports, Beijing Normal University, Beijing, 100875

Key word

simulation; taichiquan; biomechanics; surface electromyography; inverse dynamic

LA 24 SORMRZ A1 0 T B 3 S i) KA 2 )1
GER, RAMRR SN KRR 2
2k, BEUCE DI R GE LRGN R SIS
ARG IRE" ™, JUHIRAER 1B A B )7 1,
R BN T A AR A T 1 ™ (ER:, 4
RINGRT7E A H AR 5 = BOB 5 4505 1
Ao PRI, XoF T R 2 1T 2 e 5 L P A OG7Y
ZITHIBETE A B HATA TR ZE R AP )
AT TSR T NS S AT R 2 1 I S A
P A5 TR, LA A 25 3 AR R 5 1 45 103 D AT )
738 NS I S N INEN S S N R g e
S A L, BRaf i BIE o Hr FE AL B = Bt S8, T
A 3 A G 7 IR T 2 B SR I S ARAERS:
FINLAZ IR Z IO HELZ T 5L
D EAFTEWON I R — AT R AR T B

AT FE RSO BB AR RIS R AR 2 3 1
RS TT 52 T Y SCEE AN 22 DL, 0 47 L5 2R [R] B
0L Z 18] B IEPE DT> o I, A BESE & 7
F I AnyBody 17 FLEEAL 2 G2 R = 4EI J1 15 %0 58 1
24 SR ) 75 A5 D A5 Sl AR I AR SRR =
SEUA FIRE ST 152 3 AR SRS B PEEA TR ST
Fram i i MU A TR UE . AN IR ST 58 AN R KA
AR AR 132 JIRHIE , bl g it
RS

1 W&5hH*
1.1 B4

52 P2 IAF RIES AL, AR (24.5+
1.7) %, B (176.7+3.8)em, {5 : (73.2+3.5) kg,
ZARE AT B 44 1 24 R Y25, F
SRS B r B . 2 7R AT, HERR T
JHe 7 B AMG RN T AR AR, I K T R L
BRI /INBRFI R B B 55 2R A= 165
1.2 W5k
1.2.1  BIRVAEEST  AF5E L) AnyBody5.2 H i A5
J& 71 () Standing Model JJy JE Al #4748 M, B S 44 %

800  www.rehabi.com.cn

BB R DL R AR A, R
7% i& i FIg i L9 ) Scaling Length MassFat
BRI B HE A TS HY 1 B A9 4 i, EE 7 3 B 9.8 IN/kg!™
FIH AnyBody # 4t H it i e A 1k 7 S8 M U LA 5
ETUAR Al

N T Wl ST AR SR S 2 RN 2P AR
18 BB I S R AHIFSE R R €K 19 FAB
Lic Bl R G B ICER AR VAL AR [ T 5210
[ N A = AN 11 S Y IS =g e
IR U O BRI BT
R =ZA S A E b, DU T U 1B W B4
DL R B OCTT 823 90° = A~ & b ahfER e 5
ENALOPNE S NG S SSTINE S SN S SENITPS
BT BT, BUREAS R 5 4 5213 (W]
— T EE R R R DIAE BB DA T2 6 B
LT O B A/ NRHERA AL L H £
JUL B T LR LB AL L B — 3k LA F2 22
WURERS3Z J7 LRI RIS 32 J115 B o

H VAT, AT A U R R
TINUR PP ER AR IR 3Z2 T . i
3B A LIRSS 78 R T AnyBody #44F H i &7 5 L
RIS, S Ao e SRR LIRS TS LT T, LI i 5
O EEH S5 R RE,
1.2.2 1t 5283 8 S SO, 3 A — P36
Kistler =4Eill 71 &5 FARE AR , SRS 47 B0 R
TEN & B AR SE. REMNERES 3s N,
XYZ =AJ5 1w Ei a1, DL Tyt (center of
pressure, COP) FHILIE , FH LGN[R E3T |, A R
SRR A 43 L R e M I Ol . Hoh, e AR
A =7 ) S 4 R R B ) b Y 43 A <
100%,
1.2.3  LHE IR : {56 [ Noraxon 3R 11 L I
ARG 58 A R 3 5 20 5 28 Sk
BF, A0 BB R JHERZ LR il R LA M s
ELAL B AN AILRR B =3k L 6 B 3= 22 LA A AL £
o SRAEITIE] 3s, RAAFA 1000Hz, X UG LRSS



PEAAEZAL 20144F 5520 %, 5591

S HEAT B IE R CHF I R 10—450H2) FlF- T
(RMS, 50ms) 4k B 5 , % th JULIA) 3s N B9 FR 23 ILHR
(integral electromyography, IEMG){H ., B &%
Ferpr 5 445218058 Rl —JLA B9 R S3 WLHS PS4 34 T
S0, T3 6 R34 B LA HL L o
1.3 Seit#orth

FIH SPSS 17.0 % SLB 4 I 47 o Ak 3 . 50
J7 5 TR 43 LR 50 A R A 7 B R 2R 25 40 M, SR
Duncan iE T 5 J5 FL i, 45 SR 38 DU 2 Kb E 22
FIR . BUMIH B 538 07 AR RS th A L
PTG 2 (8] 37E4 T Pearson AH G704 .

2 #HE
2.1 NRBIRIZE ST

# 1 FR MR FAB RGCRAE R ANE 5 25
LA AR A I DG T R T DG A
JEWPE I E e brifE 22 . ARWFIE R, EOGTT A E J4s
AMNER MEESk R S 2 LR T M. e
RS FR MR Sk KFE T JH 0 2 RE LR )
. Hop, 518054 3 050K TG R E
RN SRS 23l KN DY S E S-S hu)
WA =AM E IS T 1 B S 3 Rk T
2R FE ST U | IE H B AL R e
90° =M B LS

STHEUR GRS A L SR v o R S e £ -3 )
AR A AnyBody NARIRL, 1528405 1—2 fif7R
(05 LAY, A T bRt 1) 2y g 28 S B A v
SO LR 32 D1 24553 HT o

®1 ERAEERR. EXTRAEFEHE (vs,°)
e 541 542 543 o1 o2 03
A 144.0+4.5 123.0+£7.8 111.0£9.4 128.5+5.5 110.0+8.2 93.0+11.5
FiAA 143.8+6.7 125.6+8.6 114.149.8 145.146.9 124.7+8.4 109.1+10.8
E1 SHEE2HERBEANE B2 o2 EREANE
22 AWz I8l 1o b
B 3 s R 58 AN R SR RS A T JR 1) R B
B FESERATS SRS, B2 A 1R AR ® e
AR FT AP E Tt 0 3RS 1 Al 2 4 e
b, A MR A et A B B e Z @ LB
SRR, 2245 R AR EE FLBEGTRR , HLIEE ShAE iR 3 7 %
HfE2 HE3

I AT B AR Ak BEARREAE 50% 251

&l 4—5 BT 7w Sk 52 B [ B2 1 =5 25 FL E 4 2
VA OS2 15 IR 1) COP i BB 4 X . 475 2 B 1k
il 7 65 1 XCRL Y 53500 5 AR B ABCER it A0 S AR
HOEAT . AT s VR ) & 1 X R AT Y #lor 515
N IR ABCR G T v AE I 725 280

OS5 FZERIPE1E 1A EL P < 0.05;
QYRR EhE2 HIEL P < 0.05

Y, SERS A2 3 0, A7 R IS A A A 1] i COP
PR HER S A2 S VL B &, £
HahVErp, T 2 F 4 3[R A5 1A HE, 78 AAACHT

www.rehabi.com.cn 801



Chinese Journal of Rehabilitation Medicine, Sep.2014, Vol. 29, No.9

B4 RESHIHELRECOPLLE
4
s 12
£ ek
8(1) — yﬁ/ Y
51 e a3

OS5 FEH P LA P <0.05; Q35 W 258 b 31 2/ 1
P <0.05

5 AEBSHHIEABECOPILE

4 ®
E 3} .
& 1O
=P oCOP | x |
/'_.r‘/// &
0 L 77

o
D5 RZETIF B 1 ML P < 0.05

083

Je 5 16 f COP SE R 4 Xof {1 b 2538 o, i A4 3
VEZ R 22 R HAT k. D28 3 WS4 1ML, 7E
NMLE A7 1) COP A A5 4 WHE | B & 38
2.3 40RO B A B

T2 PR HAEA RIS NRAT T Rl =2 AL
BE 30 1] B 12 PSR EE S . IS TR S i) ff ok
FLSER T A shVERT, e B A LRI Sk LAY 37 2
B M T S, IR E WU IAILAZ 1 B L
BAERL. MORFIZMEIRERE , 5 L ahifErd B R
FE W3 A, 2 2 v BT 8 ILRE 8 52 T B A S 1K 338
Ko Horp NS S 1A E] 5 20, L H ALY
Z AT 25345, AL . BEE NN
WAL 32 Sy 3 i ol He e 50 o Sk k%
JIVAE N 25 2 AR AR B 5 A5 3 B AT T R e R 34 i
SAEEET, B SRR, tb B sz 0135 8
W RS 9001}, 32 S 0 B Sk LK
SLARANMEFRANIRAS o BEELIUABE NI ATLSZ F1 AN e
B

3 PR ARV NARATI T i 2L
FEMI LA TSP ES R . MASFEIShER /1 R
SEI S A S ERT H B U Sk LA LA 16 PR 2L
BB = T 2B ah e . JREELURIBE PN LA AL PR 36 14
A UAE A SR P ELECAHL . ISR s i

802  www.rehabi.com.cn

HKF, 5B, RO RUE I BCE AL ALY
N ES NS S SRR 'S Z /31N = [N e & KW |10
VARG ES I NSIEEE A 18 SNE W RTINS
PGP . 78 S22 s B Sh AR i B A,
EE A LA LD I 1 28 i/ | 244 J 5 1Y Jek B 20
90°1 , ZNUREBI WL S LR 00 WiAE 34> b2 s34
B SR UR SR YL PESEAHS 9 0, TEBTIZIL
TS T AL BRI BEA A T RZS o i EL L
AL PN AL RE T A i PR R, LR A W 3
R A BN ML T I E L
2.4 AR RS 2 1 5 B B

F AR NAESE A [R) I JEE 1) 5 25 0 S 28 31
I, A R IR SCTT Bir A2 (8 AR TS B . M)
VAR ARS8 IS A BRI RS BT 52 (st ) g
PRE NI 5 1 i . 3 B ARG s ) 07 T,
Wt SRR E (Y3, PR R AERE n, SS RS T B
S BRI TG 32 IR T2 1. i b
PEATT AR, B EIREER N RS 52 BN
Ji& 33, BEAE ShVE IR BN, O T 52 S A8
SMIETIRE . i IR 5 1A, B SR RS,
FEALAWIE R o 7RSS ST, RS BT 52 1Y
1 305 10— 2. 3B AIRTS 1070 B s
i 2 38 A, T A0 % il N R AN BT R
ot i) 3R Rt DR A S A R ) 5 2B s VR AL
2.5 AR AR LR SRS 23 B

M S R LIER 58S 2 s, B i
A3, T Az JUL A SO0k 8 e JUL PA) e B 2 UL e 7
I i R m UL BBV B A A LRI B —
S WU AR LR B E IR 519 B i il BRI, AT
THORIERE B, BEAT AN Sh AR e 22 e B A
Bk FESERL A SRR HER L SN L
UL AR TR RE AN 25 o IR R ULAE T 25 2 F Eh 20 3
AR LR A S 28 LA EE B e 5. iR
R P = HRAL A 7E S22 3 I A B WL B 2 1 AR EE
HAT RS

o TR B o AnyBody 7 FEHR ik
(8 UL PR 35 4 ) 552 P AR 23 LR e 22 1 ) — S P A
JE o ABIETERT 6 R ST AT I = Z LA AL
6T (3% 3 T TR B ) 6 R 23 A R I 32
JILPA R AR 3 LR (3 5 v i /s el ) 3 7 2 58l A



PHEAE AL 201458 5520 % 0]

T Pearson FH&0 M. Herf, i T H AU THERS
JUUR AT, i 1o 2 T UL F e L 55,
FELE R ERz LA S MR LA £ 5 Rl S Bk EE H AL
15 SR VRV | WA o R W WS R SR L
RN 0, BOCIEHA TS M. BT 6 a1

F L RE N AEOC R ECH 0.900, P=0.014 [z Al
WL A 26 2500 0.922, P=0.009, i — 3k JULEYAH O
B0 0.852,P=0.031, o B £ JLAMI AT P AN i) A1
KRB 0.775 F10.749 ,{H PAE) > 0.05,

&2 AMNTEREZENFHZNFEER N)

®3 AMNTHREZNEHINAFEHESER O

ifE S S B3 O Ogp2 03

FifE S S B3 Ol Ogpo 03

tLHAAMI 7519 21581 27430 1648 333 0.00
e HAARIN 77.36 232.09 266.45 21.52 2031  0.00
JEE ML 6121  91.90 138.65 67.18 96.66 142.56
Ji P L 3979 76.42 12542 63.99 100.30 128.86
B SkWUKsk 96.81  137.07 25594 671  0.00  0.00

[HEANAMI 973 27.93 3548 213 044  0.00
FHANNM 9.12 2735 3140 254 239 0.00
JEE AL 15.69 2356 3554 1722 2477 33.08

Ji P L 1270 2440 40.04 2043 32.03 41.14
B SkWUKsk 13.18  18.67 34.85 091  0.00  0.00

T B R UURUHER UL SMI R 52 JITES AT 0, SR ER
PR,

F4 ANTERBEXTZENHEER
L A S X B (1) = A B i b ER et A

ik

T T B A UUAUHER UL SMIU A UL T AR 25 35 R AR 0, B
TERT IR,

Eo AAEEFARSAEEERXES T

@ 2 o
0.900 0.922 0.852° 0775

1.0
™) N N NM M 038 2
241 -1.53 992,08  -534.42 4.82 2871 &8-2
542 2013 -1168.60  -1143.50 -1.01 -45.32 =02
35 B, B, - - 0.0 - rm
543 13.31 1454.80 -1886.60 2.32 60.82 REEDIL REA UL — S L EE £ L He H Al
41 -2.82 293320  -987.05 2.82 -46.03 Sl il
o2 -5.63 -840.72  -1599.60 -0.66 -59.96
3 3242 -498.12  -1947.30 -4.00 -63.84 (DFE 0.05 7K CRUI )tk A5 s @7 0.01 7K OB I i 2540 %
RS ANTEFEINARSAEER (x£s,1V- 8)
ik Ji&B R JHERA LD A JHERA LS M M E L eI B =S
EE 10.56+2.55 40.95+27.09 45.32435.81 19.67+7.94 56.75+44.27 10.75+4.99
5452 14.02+4.33 50.80+41.47 48.59+40.73 55.11x10.60 116.20+40.97 46.26+6.89"
543 20.85+0.62"% 77.27429.31 65.51+47.67 123.10+31.04*? 193.32+59.07"% 72.61+6.35"%
=l 9.72+1.46 36.70429.53 40.75+25.27 42.27+8.34 63.84+25.88 11.48+2.57
BY 10.3140.54" 44.55433.62 45.76+30.73 84.46+14.617 119.27428.74 18.67+3.33
i3 11.61£0.99" 50.45+41.54 48.90439.82 181.65+34.937 150.2042.67" 27.36+4.21"7

SRIZERI RS 14 : DP < 0.05; 5 [F2EEI R ShifE 2 A 1 . @P < 0.05

3 itig
31 SRR B SRR

FESE I A ORI, 2240 R %) S P4 Ty By , Ik
ARERAERFAE 50% , HANBE SN VE e B AR Ak i ARk, i
525 Sl 22 M S iR S AR, HL R A SV R
R T, AR %) 7 R R N . RIS, B Bh A
B2 R 1A, A ) Stz P BBl ) COP A i AN Ze A5 G
D51l NI RS ARSI K o 156 B Bt sl e F 34
I, SCHERGE PEB WA o e Sl A o B 5 4352
LRI S0 e TR % . T 5
B A5 A AL AR DG b T RS, 3B e

ST PRI AN, O AR TR STERY
AEESE 25 T IR 0 S A g JEE 5K
RKTTIIE BRI R T b T3 b ey JEE S 5OIR
BT R, 0] eSS EILA 55 A1)
A7 DI T B O~ A AR S A
R AEE s
3.2 SAMEEEERESCY Z IR

e 720 SR A — A R AR A L 1K — 3K
i e R 23 RO B TR A s HJS 1] 14
V7 25 0 51 7= A BT D) A8y, iX — 3y 22
(i) SRRSOk P R P NN SS

www.rehabi.com.cn 803



Chinese Journal of Rehabilitation Medicine, Sep.2014, Vol. 29, No.9

HTAE AT B R R 5ER B R (2160157 )N, AR
FEH AU T iR KR ) 5 A5 R0 A SRR IR
T F14 % HE 43591 4 1886.6N 1 1947.3N, SR AL T
T A8 SR AT 7R A2 AT R =22 Y AR B 2 R
F18) 2 38 2 23 X T 58 SCH) Y 3 J A 57 40 S fa ot
AR TE SE U ST B R L IR 1 5 A SRR
T 453 280407 R B U] 8 Af ERAR K, 5 45 20 % TR DG 1 1 B
i i, AENYIEE S TR R E LT
K PR BE 1 75 25 R E 28 3l A, G R ik g
KT BRI 5 A S

H T 5 B D ARES T ST 2 1 ke
Rl A 05 BRI S B AN 2 0 . 765 Z AR 5%
W, Worsley P2EUFFE T MR 21| ad A2 HP RS 1Y
Z 1O, Horp s KA 1] 9198 (0.12+0.07) f i
e ) R (1.550.72) KT, {5 1 R (1.64+0.73)
fesik e, it h 14 R (0.06+£0.03) A S, TEAIISE
S8 5 AR SR AR LU 25 S R, B
0.04 1A, 3 B F1 0 0.68 5 IAH , Fil 5 714 2.66 %
REE, i #h I AE R 0.09 iR E . AR T 0T IR
(A3 R, T B AR 5 B 2 SR T {5
3.3 SRR ST EERRIL 32 T 4E

AnyBody Y1 B 45 B s, 78 58 i 5 4 sh
B, 2R T LR 2 B EL LR AL, At AL PR
FEARF AR . WAETE R 25 Ve, bR T I
B NS, He B A URTEE — Sk LR A& 77t
WIS, X UL SE S AP e ERR 2 2 0 LA
TR A -

Z NGB TG ML e R, e —
NGRS SR UN A TP I 0 9.0 e ] B2
(T B T — 2ok, AR, LA S
e A LRGN YANIWILE == R Rl = =
J1 IR Re S B2 = N fig g 1, AWEoE &
L, Bl ShVENR R 38, 58 55 A A 2 Sl VR R i
WU PO BILAE PR T 5R TR . AN
BRI LA I P e 2 AL 7 T 2 e
B BEIN T AT R RS . R T B LRI ST R R
T AR A% | I 24 7 U1 25 A Aok 3 2 0 R R
55 , ST ERE  BE R
34 D EESR SRS —SERHE

TR WU H 245 JULHR Pl i 2 P 6 245 1) T AL, 7 —

804  www.rehabi.com.cn

FEFRPE bR T B[] PN LI Hhaz 3 B R
SR FERSIEALS RN R 52 01 Z 18]
FEAEAR MR, (Hd e AR i e e RS, B
HIOCT 5 20 A 2R, T Rz 7 0 0 FL 45 R (W)
WG 5 — SR I A Z W, 765 Z AR
¢ H ,Enguo Cao %5 & BUHEA AL . L B M LRI AL B
LA — PRI OB o Al N 2827 % BB B LD s
P AL — S ar i e B AT LA — S 2%

AR I, T 58 AN R 2 R SR, BRI
O B ELIL e RO AL S — S AILAS AL PR 35 1 [
A3 WUHE 22 [a) 5t 20 G, T /SRR LAE %) B B f L Ah
00 Fy JUL PRI 35 2 [ R0 WL HR, 22 TS B S VA 56 .
Ui B R R LR AL PRI 356 2 %) £ 05 2 (R L 5080 22 1)
1 — B m T/ MR . AW 12 et i
FEAFCE SR AN B M R — AR Z s 55 9t
HAEASEO AR OC R ECA 5 U, BERE AR /0 i
WK, LTRSS R A B
3.5 AWFAEAERI RN

B, A T B B i m LA 5E B P R
IR 32 T3R8 R 0, 33X 2 B A 78 58 1 55 20 L E 2 5
YEBTEROCT m  IE B il LB R 46 , T 7E AnyBody
B RGP ALAARE T o AR, [R] A /N R =
Sk WU G 53 B JHERZ UL, A2 2 RN RR S M 52 57 4,
#BA 0o M5B DIREAR LR b B B RLENAEAS [R] i
5 L EfEhZ 1A T B2k, X ATRE R AR,
AnyBody F Gi 7 #4730 ] 8y 1 27 53 B B i 916 1Y
“Ee KWL P dme/ IME B, PR E T3 HAh i £
AR, B0 S EENINUN SR

A1, /IR LR 9 JUL PR 3 A B R R R 43 L
L 22 ] — 3tk 4 25, ik — 45 SR J& i T AnyBody 537!
A B () Jr BRI P 8. 2t AnyBody R 48 HE 7 1
T SRR 2 X i 1 ), R LR R 1 A4
o AR FESEBRIE L , N R 20 X 1k AP AE
(), 258 H O T s AR S8 3™, J
TEWEOCT TR MRS, K IFARE X 2 AN b
LR & 1 R R #E A

25 Ll AT R I SE B L B YRR, Tk
JTHI LA 2 e ELUUFR B N AVL . T 58 B2 5 26 s
B, e B AR S AL & B 3. 2458
IR 5 25 SRR, SRR VR, IOy ™



PEAAEZAL 20144F 5520 %, 5591

A= 14 P 208 38 A AN B DI BT AR, B o i it . 58
JEAN R By 2B gl ARR, SRR ITLIE P B EDUL B L
B =Sk LA LA 6 1 0 B4 R R B LA 22 1] —
vy i/ NER WUEE A EE AR UL S Y — 2

Bk
S22 30k

(1]

(2]

[3]

(4]

(3]

(6]

(71

(8]

[9]

[10]

(1]

[12]

[13]

[14]

LT 1 A LB A R0 BT R[] o AR R,
2011,47(4):113—114.

Field T. Tai Chi research review[J]. Complementary Thera-
pies in Clinical Practice, 2011, 17(3):141—146.

Logghe IH, Verhagen AP, Rademaker AC, et al. The effects
of Tai Chi on fall prevention, fear of falling and balance in
older people: a meta-analysis[J]. Preventive Medicine, 2010,
51(3—4):222—227.

Ge W, Wei L, Juvena H, et al. Spatial, temporal and mus-
cle action patterns of Tai Chi gait[J]. Journal of Electromy-
ography and Kinesiology, 2004, 14(3): 343—354.

A X ITF AR TSR L 1 R A3 0]
UK R2A244,2001,24(1):41—44,

BOOM IR X BR T, 5K A, A8 A 25 B R S 4 141 IR H 3% Sl
HE LY B B 2 R AP 45 SRR AR (). 1 F27,2009,29(7):
55—56.

AR EN, SR A AR, 55 SCHE, 58 A RO 22 8l 5 | R R ) I
IR (4 SRR []. P I R HEAZ,2005,9(16):182—183.

TR, S AN KA 225 R IR A 45403 K 07 640 A= 00 3 243 A
[T TARERHE,2012,34(3):32—35.

BT ANRIZ SR A 02 e S L Bk R[] B T A
Y1 112.,2011,26(2):97—104.

XU, 73, M, % T AnyBody TM H A B\ M4kiZ 8
R[4 P B2 T AR 2= E2,2010,31(3):132—133.
Damsgaard M, Rasmussen J, Christensen ST, et al. A-naly-
sis of musculoskeletal systems in the AnyBody Modeling
System[J]. Simul Model Pract Theory, 2006, 4(8): 1100—
1111.

B ZEIS BYIGELL, £S5 SR TR AT A2 Bl id AR o S LR R
ST EAEY) 112:,2012,27(5):577—579.

Mark Z, Lone H, Christian W, et al. A generic detailed
rigid-body lumbar spine model[J]. Journal of Biomechanics,
2007, 40(6): 1219—1227.

AR A ZRZ 3 b OB LI AN TR (1] M4 7 SR,

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

2002,23(2):59—60.

TREEAR, LR, SR A S Bl S L 1 R B S
Ty M1 PG ITRAA 7 2 Be2412,2006,21(3):126—127.

28 P K. Js Bl AR ) 07 2 (MR AR T G O S R 2 e ARCRE,
2005.15—16.

Taylor WR, Heller MO, Bergmann G, et al. Tibio-femoral
loading during human gait and stair climbing[J]. Journal of
Orthopaedic Research, 2004, 22(3):625—632.

Worsley P, Stokes M, Taylor M. Predicted knee kinematics
and kinetics during functional activities using motion cap-
ture and musculoskeletal modeling in healthy older people
[J]. Gait Posture, 2011, 33(2):268—273.

Tipt, < A Y PR SCBR A AR TR BRI %P B D e 1 5
Wi [J]. A 3 2 B R A 4 K,2006,28(7):466—468.
Mohammadi V, Alizadeh M, Gaieni A. The effects of six
weeks strength exercises on static and dynamic balance of
young male athletes. Procedia - Social and Behavioral Sci-
ences, 2012, 31: 247—250.

SRR, A N0k SR O B ) SRy T 12 9 55 i B A
REIWIZ IS MA)]. B2 F A4 712,2013,28(3):13—19.

il .32 2y BRI 5159 40 TE M AL st AL st i R
fiR#1.,2008.4—s5.

Disselhorst-Klug C, Schmitz-Rode T, Rau G. Surface elec-
tromyography and muscle force: limits in SEMG-force rela-
tionship and new approaches for applications[J]. Clin Bio-
mech (Bristol, Avon), 2009, 24(3):225—235.

Linnamo V, Strojnik V, Komi PV. Maximal force during ec-
centric and isometric actions at different elbow angles[J].
European Journal of Applied Physiology, 2006, 96(6):672—
678.

F I, A S e B T 1) 305 1) 20 3 2 07 K ) R T 742
B B SE IR T TE (0] B FHAEH) 7177,2010,25(4):260—261.
Enguo C, Yoshio I, Tao L. Estimation of lower limb mus-
cle forces during human sit-to-stand process with a rehabili-
tation training system[C]. Hong Kong: Biomedical and
Health Informatics, 2012: 1018—1019.

Ali N, Andersen MS, Rasmussen J, et al. The application
of musculoskeletal modeling to investigate gender bias in
non-contact ACL injury rate during single-leg landings[J].
Computer Methods in Biomechanics and Biomedical Engi-
neering, 2013, 2(6):5—6.

Bt nt iR B (et I s A S A i e )52
WA X EL AT D] AL 5t HIAE 2B, 2011.5—6.

805

www.rehabi.com.cn



