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The difference of kinematics of lower limb motion

between long jump and triple jump at the take-off phase

SUNAMI Shunsuke

Abstract

The track and field is composed of long jump, high jump, triple jump and pole vault, which are developed
from the basic motions of human. The long jump and triple jump are similar in regard to being running ap-
proach. The purpose of this study is to clarify the similarities and differences between the long jump and tri-
ple jump and to improve the performance of jumping based sports. Six male subjects (height : 176.4 + 5.0
cm, weight : 70.4 = 6.1 kg, age : 21.8 + 1.6 year) participated in this study. Using the high speed video
camera (750 fps) from the side of the subjects and calculated the translational velocity of leg and angles of
knee joint, and the contact time of foot. The translational velocity of the pelvis and the knee was decreased
in the long jump (long jump is 8.443 + 0.405 my/s, triple jump is 8.025 + 0.505 m/s). In the take-off phase,
deceleration of body in the long jump is about 4.60% greater than triple jump (long jump is 13.67 + 3.74%
and triple jump is 8.30 = 4.60%). The angle of the lower extremity in the take-off, long jump is 62.08 +
3.22 deg and triple jump is 64.72 = 2.17 deg. The angle of knee joint at the step phase, Long Jump is
165.38 + 6.28 deg and triple jump is 162.74 + 5.00 deg and maximum angles of flexion of knee joint, long
jump is 131.56 + 7.92 deg and triple jump is 129.12 + 5.73 deg. As a results of this study, findings of kine-
matics of long jump and triple jump revealed that : 1) In the triple jump, restricting of the running velocity is
to decelerate running velocity in the take-off phase. 2) At the take-off phase, Knee extension is contributed
to maximize the power associated with knee minimal flexion of the knee joint. 3) While long jump has run-
ning approach at high velocity to get large vertical force at take-off, triple jump has low translational decel-
eration and get smaller vertical force rather than long jump.
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Long Jump Triple Jump
Final Horizontal
Velocity 8.443 £ 0.405m/s  8.025 + 0.505m/s
Take-off Horizontal
Velocity 7.283+0.393m/s 7.359 +0.311m/s
Percent
Loss 13.67 £ 3.74% 8.30 +4.60%
Final Vertical
Velocity -0.129 + 0.280 -0.163 £ 0.187
Take-off Vertical
Velocity 2.686 +0.368m/s 2.194 + 0.253m/s
Approach
Angle 62.08 =3.22deg  64.72+2.17deg
Knee Angle
When Contact 165.38 + 6.28deg  162.74 + 5.00deg
Knee Angle
Full Flex 131.56 £ 7.92deg  129.12 + 5.73deg
Contact
Time 0.12556 + 0.00838s 0.12511 + 0.00724s
Take-off
Angle 22.78 +3.38deg  18.68 + 1.99deg
Distance
Jumped 5.98 +0.09m 4.81+£0.31m
Triple jump
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Horizontal Velocity (m/s)
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Long Jump Triple Jump

Final Horizontal

Velocity

8316+ 0.480m/s 8.203 £ 0.557m/s

Take-off Horizontal

Velocity 6.961 £0.269m/s 7.316+0.195m/s
Percent
Loss 16.16 £ 2.82% 10.49+ 5.18%
Final Vertical
Velocity -0.265 £ 0.274m/s -0.262 + 0.209m/s

Take-off Vertical

Velocity 2.934+0.358m/s 2.275+0.088m/s
Approach
Angle 59.18 = 1.22deg  63.12 4+ 1.90deg
Knee Angle
‘When Contact 169.17 £ 6.99deg 16522 + 5.47deg
Knee Angle
Full Flex 132.88 £ 6.97deg 132.38 + 3.66deg
Contact
Time 0.13067 = 0.00436s 0.12666 + 0.00377s
Take-off
Angle 2536 +2.25deg  19.67 + 0.66deg
Distance
Jumped 599+ 0.0lm 5.11 +£0.06m
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Horizontal Velocity (m/s)

Horizontal Velocity (m/s)
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Long Jump Triple Jump
Final Horizontal
Velocity 8.569 +0.258m/s 7.847 + 0.370m/s
Take-off Horizontal
Velocity 7.606 = 0.170m/s  7.402 + 0.390m/s
Percent
Loss 11.19+2.76% 6.12+2.45%
Final Vertical
Velocity 0.007 £ 0.211m/s -0.064+ 0.081m/s
Take-off Vertical
Velocity 2.438+0.143m/s 2.113 +0.327m/s
Approach
Angle 64.99+ 1.55m/s  66.31 + 0.83deg
Knee Angle
‘When Contact 161.58 £ 1.18deg  160.25 + 2.80deg
Knee Angle
Full Flex 130.24 £ 8.56deg  125.86 + 5.56deg
Contact
Time 0.12044 £ 0.00832s 0.12356 = 0.00926s
Take-off
Angle 20.20 +2.12deg 17.69 £ 2.35deg
Distance
Jumped 5.96 £ 0.13m 451+0.11m
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Long jump
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Horizontal Velocity (m/s)
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CEH1E & B RZE)
Skilled Unskilled
Final Horizontal
Velocity 8316+ 0.480m/s 8.569 + 0.258m/s
Take-off Horizontal
Velocity 6.961 +0.269m/s 7.606 = 0.170m/s
Percent
Loss 16.16 £ 2.82% 11.19 £ 2.76%
Final Vertical
Velocity -0.265+0.274m/s  0.007 = 0.211m/s
Take-off Vertical
Velocity 2.934+£0.358m/s 2.438 +0.143m/s
Approach
Angle 59.18 + 1.22deg  64.99 + 1.55m/s
Knee Angle
When Contact 169.17 + 6.99deg 161.58 + 1.18deg
Knee Angle
Full Flex 132.88 £ 6.97deg  130.24 + 8.56deg
Contact
Time 0.13067 £+ 0.00436s 0.12044 + 0.00832s
Take-off
Angle 2536 £2.25deg  20.20 £ 2.12deg
Distance
Jumped 5.99 £ 0.01m 5.96+0.13m
Skilled Unskilled
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A AR S N7z,

B 120w T, BEEREERE £°0. 13067 +
0.00436sec, FEFEFLAEERFE £30. 12044 £0. 00832sec
TEFPRON D o7,

WA AAEEDOTRDOAG MBI, BBEERE D
59. 18+ 1.22deg, FEFEFFEERE £%64. 99+ 1. 55deg
THEHEEREDFVHZEL T AEALE LN
720 B O B ENE M 3B RGREBRE 47160, 17+
6.99, FEHEHLAEERFE H161. 58+ 1. 18deg TIEHEEL
BREREZOF IR L TV AEADSE SNz, Bl
FORMEERAERICBWTIE, REERED
132.88+6.97deg, FEHEFLAEFRHE £3130.24+8.56
deg TIEFFRERE D FHFHIBH L T2, £
RoNGholz, BREAEIZOWTIE, BHFEER
F H325.36+2.25deg, FE Bt F A BR F £20.20+
2.12deg THIFEBFED HFHRKEVEL R L7,

0 0.01 0.02 0.03 0.05 0.06

Time ()

0.04

ERIE GRBORESRE & IRRHuRERE)

B, PRSI B R A%5.99£0.01, FEHE
BREREH35.96+0. 13 TEIX e h o 72,

ZEBCIC OV THEERRE CIERER
BRE D LB

76 IIBEGEERE, FEHHGERRE I X 5 =ik
COFHE L BERFEZFELL-ETH 5,

H1022 5, BEAGAAREFOIFMEHEE % kT 5 &
B, MR B, oFRICBOTREFRLNE
Mo 7208, BRI B W TR © 7 08
LTWAEmPSRALNED, ZERLN LD
720 BEAIABEEOFH AR L, BEHEERE D
8.203+0.557m/s, FEHEFELARERF H37.847+0. 370
m/s T, BEBEBRBOFIFRKEVEADPR SN
7o M1A 0, BEAYY HOWERE, T,
JRICOWTRENRR SN o 722%, S, HET
13, FEBEEREDS, D EETIIBEREREIK
& PEEMAR S Nz, BAY) ) ROy E

L, BEERERRE H37.316+0. 195m/s, FEHIHL

3~5.
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Horizontal Velocity (m/s)
S = N W A BN O

Horizontal Velocity (m/s)

-
=

farmka

R6 ZBRBEUOBBIERE & ERHRRE 0 BB ¥ T — ¥

CPE & EERE)
Skilled Unskilled
Final Horizontal
Velocity 8.203 £ 0.557m/s 7.847 = 0.370m/s
Take-off Horizontal
Velocity 7316+ 0.195m/s  7.402 + 0.390m/s
Percent
Loss 10.49+ 5.18% 6.12+£2.45%
Final Vertical
Velocity -0.262 £ 0.209m/s -0.064+ 0.081m/s
Take-off Vertical
Velocity 2.275+0.088m/s 2.113 +£0.327m/s
Approach
Angle 63.12+1.90deg  66.31 +0.83deg
Knee Angle
‘When Contact 165.22 £ 5.47deg  160.25 + 2.80deg
Knee Angle
Full Flex 132.38 + 3.66deg  125.86 &+ 5.56deg
Contact
Time 0.12666 + 0.00377s 0.12356 = 0.00926s
Take-off
Angle 19.67 = 0.66deg  17.69 + 2.35deg
Distance
Jumped 5.11 £0.06m 4.51+0.11m
Skilled Unskilled

-
1=

Horizontal Velocity (m/s)
S = N W A NN 0 O

0.01

0.02

0.03 0.04 0.05 0.06 0
Time (s)

Skilled

Horizontal Velocity (m/s)
S R N WA u @

0.01 0.02 0.03 0.04
Time (s)

Unskilled

—o—pelvis
—8—knee
—&—ankle
—O—heel
—A—toe

0.05

0.06

10

Time (s)

ZBRBUOREAAAREOIERE (FEAERE & IEFHEERE)

0.01 0.02 0.03 0.04
Time (s)
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Skilled

Horizontal Velocity (m/s)

Horizontal Velocity (m/s)
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Unskilled

0 0.01 0.02 0.03 0.04 0.05

Time ()

0.06

Skilled

Horizontal Velocity (m/s)

Horizontal Velocity (m/s)

0 0.01 0.03 0.04

Time (s)

0.02 0.05 0.06

Unskilled

0.02

0.03
Time (5)

0.04

B11

TRERE DT, 402+0. 390 CIEFPARERE D F 5K &
WEBAR SNz, BEATDICL AT L —FHR

¥, BEHRERE £510.49+5.18%, FEHILERE
7%6.12+2. 45% THBAEERE O H K & W E[AH
Roniz,

BEHARIED TR O AGT AL, BERERE D
63.12%+1.90deg, FEBFAFERT £766. 31 0. 83deg
THERBREDOHPHREL TV AEAAFRZ LN
720 BEbIRE O R BAENE M 13 B BRE 7165, 22+
5.47, JEBEHHRERE 15160, 25+2. 80deg T IEHEH:
BEEREOFDVIEMH L T AEAS R Sz, HH
PO RAEMICB W TIE, HEERED
132.38+3.66deg, I i #E R £7125. 86+5. 56
deg CIEFFARERE O FAEM L TV 2L
b7z, BRIEEAE , BEERERE D
19.67+0.66deg, FEFEFLAERRS £517. 96=2. 35deg
THERERE DA PRKEMEZRLZ,

PREERCERIE, BEPOREERE D5, 11£0.06, FEFEL
REERE H34.51+0.1172 5 72,

Z2oWTiE

0 0.01 0.02 0.03

Time (s)

0.04 0.05 0.06

SRRV Y BROWHERE GREGERE & IEBHIERE)

4, E%

— 1. BAYIVEIREIC S B RELE &
i A A DR E R 1, B IRk E =
BBRO % g 5 LB D IRBE U D YK & W ETH
HRONE (2), T, BHRBREHICLS
g, FEBEBTREREREIC X B EIC DWW T b [Fik
DIEMAR SN (K3, 4). TORKRIE, #
RO~y ¥ 23— DEDIREHRD L ZERU DY)
ETIE, EVERTCOFF=ZEHT LD bEnE
FEEREELTWS L W) BITHE Miller
Hey, 1986) DiERZ HHT LD TH 5, %
7z, TNHORERIE, ZEBTICBWTER—IC
BEREZIMZTVELILERETELDTH
5o BhEREDPRIEIEREICHE T 2 =RIUICB
WTBIERERGIBRT 2 2 Lix, ZB&KUS, &
v, ATV T, V¥ 703008 L -EkE
2T T Eens, TNENOBERTYIZBNTD
TV —F0OR, ROBEAY ) OHEREEE ERE

and
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B E LTI bR THL LIRS
N5,

MR T, BEEREFHO/RTIE, EVIBHRKY
& BB D EEZEA0. 113m/s TH o 72D I2HF
L, FEBBERRE I OBRE120.722m/s & K &

CHA LTV (K5, 6) COBENS,
FELODERMICEERBELIToTWwEEEZS
M, FEHHERBRE BV TIRZOMEIAE L,
SR OMAY ) RHOBMS, ZBERU OB
AHYY JFEICES 5 EHE) ) HfOR+5 & 25,
BERELZRECHBLTVWIERTHL LER
LNb,

B AR EEDERELRE 1, & IR0 & =BeBk
UL THhERRON o7z (E2), T
7z, BEHGREBREREIC & 2 R, FEBHRERE R
BRIV TH AKDEAAFR L v (&
3, 4)0 COEDPS, BARARIZBWTED
BRI DO A= L ) b FR L TROBAA
HhEToTVEEEZLNSE, 2F ), £ IE
UDHF L) ERMICEBRITHLLEZOND,
T72, BAAAREDERDOMEEEICB VT
KEBREZ LD o198, £ IR, E&E)EU&
bHFLAREREREDO PR E @IS RA SNz (&
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25| EHMELTWE, TOZ b, B
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HAALAERELTHEVHIZLETHY, BEEE
BEeMIdTOICEETHLLEZLND,

B, SEOEBRERLERO—HTY ¥ 8-
FEOHME (Miller and Hay, 1986) # Mkl 7-&
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Wb A I ERE FE050.41Tm/s TH B D12
FL, =Y ¥ »/8—130.5m/s &\ EEA R
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REH DAL, B BhEEE R CORAL Y ik
VEDHEAMDIERTH B LEZ LN D,

4—2. BAYIRAEICEIZAHAES LUE
FAEN A E D

BWRHEOTROAGFAEL, EDIER L=
RO 2 B % LEDIRBKO O FAVNE <, #4E
LTwafEmsAenk F2), T, BHER
BREWIC L B, FEBEREBRETEIC L B i
DWTHEFOERSIR LN (E3, 4), =
DFERICEEL T, B0 L0 AE 2B W
T, 88~107TEDHFATIIHRIEL TWBH A, B
BEESREVEREZIN TS (Keller,
1974) 0 TNOHDT &R0, HEHIERC B % %18
SEDLHITIE, AFAEERNSCL, THE#
HIERTNE R hWwWEEZLNE, DF D,
PREBBEEEZ M3z 01213, ASAEEZ NS
L, BELZTHROBREILETHLEEZ LN
B

R ORI AR, £ VIR L ZBRBkD
BT 5 L ZEBUOF AR L T 5 Efss
Roh (R2), HEEBRERICL 2, 3
BB IC X B BRIV T b FEDEm R

L7z (3, 4), T2, b oBEHEL
JEMAEIZBWT, EDIRPRD & ZB Bk o 4 B

=, BERBREHL0.5deg TH o 72D ITxt
L, FEBHEERE T 134.38deg TH o 72 (5,

6)o LAL%DE, MAHM - MEMIZIZKE
ZEFPRLNT, MAFKIIBV CHRESAEIK
&<, BREEPSMUTIRE TS L v s @[T
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Roh, ThonZ Lix, MAFICB VT
i - 48 %& ¥ 4 2 )V (Stretch-Shortening Cycle :
SSC) (Norman and Komi, 1979) (251} 5T
ANVE—OBFFHICLD, BMBRIRLFEE
T—REOLLOTHILIEEZLOND, O
- ERY A I VEENEEDA L -y T L
T, HEIZTIALT A N) v 7 ABHL T
Bo CODTIAFAMN) vy 7R, EEFHEDOH
ERTICH 2 ER (MRS EA Z LIT & o THERKX
5% % L, Stiffness # @b T A5 LA TE S
(Hoffer and Andreassen, 1981) hL—=27Th
5, Stiffness 1358 L CROIFEE H 5D ITH
ThoHEREL, Efid/-Y0f) (BH) OFE
IR L LTHWON S, O Stiffness 2% 13
v, REBMWINFLTEAR (B »#407%<,
WWiEhThreEIOND, 72, AOFFE
BBV THWIEAD X ) IZB < BB, EFH
IR — R BE T A LODERLRERNT
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BT, EBAEIC O W THEMLETICFOEll S+,
BB | A A AR b K & & IRRE R ) & S iE
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o, BAREY DX, EREICEREN RS
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HEIN5,
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BE A ) ORI, EY IR L =
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FEVBRTOFFRKEVERIAON (R
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ZROBEARIPY Y IZBVTOTL—FOR, RO
AU OEHENEX ZR L-BELZ L TW525
ThbLEEINS,

B, SEHOEBRERLERO—TY v 78—
BEOHME (Miller and Hay, 1986) % ILEIL7z&
25, WERETEOFII ERE S ) IEBE OV
BWTLINTms <, ZERBEUITHE W T2.541
m/s RVEDS R Sz, F72, FHMEEEZEI
FE D IEBEUTIZ BV T0.614m/s R <, ZEBETNIC
B\ T0.006m/s &) BEFR LN, ZERBU
ZBWTREIZWEESSR N, ThE DR
RO WEBREROE Y BB BT 28I, B



34 AR

A DI L B AERE DR 2 RARICHZ, &
DRELIMERE 2 EET 2EME 514175 2

ETHBEEEZONDE, T, ZEHEKTIZBWT
IIEREREDENR LNV L b, WEEE
DTLV—FOAZRPRIZTHILETHDLER
bib,

5. ¥&

1) ZBEBRCICB W CERMICBEEEZHIE L
TWwWhHZ i, ZEHU, v 7, A5 v
7T, VX TDIO0ERLIREETIZ L
»o, ENETNOHELELNIZBNTOT L —F

%@M&@D@éﬁﬁﬁ%%ﬁttﬂﬁ
ELRITNERL WD THE LHEEL
o TN, tﬁi:%%ﬁ?ﬁ%ﬁnﬁ;
WOTIEZR L, EAOERYE) Y HAT 28 L 728
ERETZITNZE, BRERLSFom LIt ci
GTWEEZbNAS,

2) BARARIIBWT, EDIRBERD O HH=E#k
L) DETORERIAKEERS RSN
e s, EVIBRUDOENTHEOIEY TA
LAEL, L) REBOLRBEAAATHL EER

Ls,
3) AL DXz, ERRICEREN R ST —
TR T 5 7-00101E, SO 2 &/ANRIC

MR 72T, BADKRES BRI T —%
RARICEETE2AECOBEMPEETH 5
LEZOLND,

4) EVREKRFEIBVERE COBELTV, B
AEYTT L —F 2N A5 KRE S ERERE
TERBLTVBRDICHL, ZEBERUOBATY
EHICHEEE R R T A L, it
EREDOT L —F TR DRVERT) TH S

LHEEND,

5) BREEAESS, EDIERCIIRESTA~NDE

WEKETH Y, =BT A DK BE

FETHBHMEAIR S N7z,

6) MAFEICBWTTROBEIHR SN, £
BHOCDOHHPBEEL TV AERERL L &
o, IV KRELEERELEET S -0
u,ﬁﬁ&Tﬁ@ﬁ@ﬁ%%f%aa%xen
big

7) AWFROER L~ Y v 8 —BOEE® It
LI h, ANSHAE, KEEAE, BKEM
B, ZVRoNL o725, BHET ) arie
HERE, BEAY)) RIEEEE, BALD BEE
HEICBWTENR SN,

8) —MBEEBED T+ —< VY AMED 202
&, EDIEBO L ZBBkOICEL T, A
Y PEEDDA L, EWBIERERTOBAYY
ERENE - BEALI ) A OBV EETH S &
Erbhb, 72, EVEBRTICBVTIE, B
AYI NI & B WA RE DR = /NRICH 2,
X0 RS 2R 2R T 2 5l & B 12
LIETHBLEEZOND, ZERBEFIZBNT
X, SEEEOENRONZNT E2s, i
BEOT7LV—FO0A%R/NRICINZ 52 £ TH
BLEEZLND,

<& EXB>

1) AT, WEEER (1990) BksEZ. 34—58 Ki5
FEEIE

2) BEE (1996) L —= 72k B EEDZAL.
==Y TRENTY Ty 7 (P —= v ZRIER
FERm). 384—393 WAEE

3) BT Z5 (1994) EEHDO NI A2 D=2 A,
F— ke LBEE OB, 169184 N—AK— )b - ¥
R i

4) Hay, J.G. (1995) : The case for a jump-dominated tech-
nique in the triple jump. Track Coach, 132, 4212—4219

5) Yu, B. and J.G. Hay (1995) : Angular momentum and
performance in the triple jump : A Cross-Sectional Analysis.
J. Appl. Biomech. 11, 81—102

6) i EREE (1983) | BEMIC & 2 &S0 = KT F
#rik. Jpn. J. Sports Sci., 2 © 163—170

7) KEZER, ®EEER, HAREAN, SREEG, Nk
g (1982) BMUA R —va—FERHEE2 FELEHER



FEHIC X B BUEIEDENICET 2B 35

(74— F).220—378 & xHtw

8) MIVLEE, BEHEA (2002) AKR—I NS F A=
7 A20i%. WIEENE

9) BT, M, FHEH—, FMTER (2000)
AR—=INLF A= R, 2527 BIEEIE

10) MEB A, WAEIL (2005) FT7NVL v Tky TD
== 7ieb %) THREHOOE- X ¥ b e
7 -0t FEFENZE, 50 1-11

11) RBEE, BHiE— BH—FE BEE (2004) F
Oy 7Ty BT LSS TR A Kinetics B X O
T v TNT A=V RACRIZTHE. KEEME,
49 : 435—445

12) FEmgE, MARET, BHRE (2003) EAETO ) N
Ty Ry r FICBI AR T ¥ L ABRBERD
MRHER BB N L= v SRBOMEICEE L
T. KEF0%E, 48:15—25

13) BirE, HARMA%E, PHEE, MNEET, KER,
EEEE (2002) EEBHEBRFOIUNTI I FI Y T
WZCBIARENT AT M7 4T AED
MR, KBS, 471 253—261

14) Manfred Grosser, August Neumaier 3%, i 1EHERR
(1995) BFL I —FDZHDAR—YFHMO ML —=
¥ 7. KIBEEEIR

15) &FR/%F (1982) ET AKR—UNA T AH=T A
A, AREE

16) ARi#3E4T (1985) AF - AR — v EFED =D DHE
¥, HEEE

17) FIEE, dRE—2, ZHEL, FINEL, iR
7, EBE KM (2005) FEIRBEO BIEMEITEICB TS
BREEHDOMENFICET 554 4 A =7 AHIWFTE.
FE - $EHkmoE, 63 :28—35

18) ClaireT, Farley, Reinhard Blickhan, Jaccqueline Saito, and
C Richard Taylor. (1991) Hopping frequency in humans : a
test of how springs set stride frequency in bouncing gaits.
Journal applied physiology, 71 : (6), 2172—2132

19) James G. Hay and John A. Miller, Jr. (1985) Techniques
Used in the Transition From Approach to Takeoff in the Long
Jump. International Journal of Sports Biomechanics, 1 : 174
—184

20) #EIMLZ (1969) BIREMET FE4R 6 EB 52,
KRIEEEETE

21) £FE5ES (1976) BRAR—v a—Faf BELj
Hoa—5r7 (1) 74— Fifi. 129—268 K548
&5

22) BIFEERE (1991) HEAEZER72DOICO BELEHEHA
9. 105—118 R—AFK—N - ¥ H Y Ut

23) BAFAEEME (1980) AF— U U — X4 P EH
PE. 64—86 BRI IR

24) Miller, J. A. and J. G. Hay (1986) : Kinematics of a world
record and other world-class performances in the triple jump.
International Journal of Sports Biomechanics, 2 . 272—
286.

25) Keller, R.(1974) . Weitsprung analyse (Long jump analy-
sis). Diplomarbeit am Laboratorium fur Biomechanik der
ETH, Zurich. (in Kunz).

26) Hoffer, J. A. and Andreassen, S.(1981) . Regulation of so-
leus stiffness in premammillary cats : intrinsic and reflex com-
ponents.J.Neurophysiol. 15 : 267 —285.

27) MTED - BRE (1996) “IIR” 2@ 57200 b
V—= U S, PL—=vFRE 81 7—16.

28) Norman, R.W. and Komi, P.V.(1979) : Electronichanical
delay in skeletal muscle under normal movement considitions.
Acta Physiol.Scand. 106 : 241 —248.

29) MFiEZ - BRI (1996) VW ANy >y FrRoy S o
YTIBIT HEMBEDENH TR D/NT =1 [l
TEE-BESICER L T—. KIBFE, 45:209—
218.

30) Winter, D.A.(1990).” Biomechanics and motor control of
human movement. 2nd ed, 41—43, John Wiley & Sons,
New York



