} Korean Journal of Sport Biomechanics

%{x P58, 2004, 149 13, pp. 133144
“F 2004, Vol. 14, No. 1, pp. 133-144

Developpe devant 34| 3% &4 ZWE F-X

A - AT - AR - gE S - B3 TR D)

ABSTRACT
Analysis on lower extremity joint moment during a developpe devant

Park, Ki-5a* - Shin, Sung-Hu** - Kwon, Moon-Seok - Kim, Tae-Hwan - Lee, Hung-Na***
(Sungkyunkwan University)

K J. PARK, S. H. SHIN, M. S. KWON, T. H. KIM, H. N. LEE. Analysis on lower extremity
joint moment during a developpe devant. Korean Journal of Sport Biomechanics, Vol. 14, No. 1,
pp. 133144, 2004. The purpose of this study was to analyze the joint moment on lower extremity
during a developpe devant. Data were collected by Kwon3D, KwonGRF program. Two
professional modern female dancers were participated in this experiment. Subjects performed a
developpe devant in meddle heights. On the axes of X, Y, Z, it was shown that the maximum
joint moment was occurred in hip joint. The moments are plotted during developpe devant. The
ankle muscles generate a plantar flexion moment and the knee muscles generate a flexion

moment and The hip muscles generate a extension moment. So these muscles of joint muscles
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were known to play a key role in keeping the body balance while doing developpe devant. In
addition adduction moment occurred at hip, knee, an ankle in the order of amount, we could
assume from this data that turn out motion started from the hip joint. There was small active
turn out possible below the hip joint. A small amount of extra turn out could be obtained when
standing because of flexion between the foot and floor, which could be used to give a passive
external rotation force to the whole leg and this could produce a rotation between the knee and
foot. This passive external rotation could produce very damaging results. Therefore, lower
extremity joint muscles such as hip, knee, and ankle muscle should be trained to keep the body
balance and prevent injury during developpe devant performance. And for the safe and perfect
turn ort performance, hip joint abduction, the most important external rotating muscle for turmn
out is needed to train and full stretching should be done in advance.
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78S $A8HE tumn out(he] 9A) Fto] Fubslojel sttt 1@t developpe devant F2-& o

o QAT 8 e o Sol&E BHAS FAFE TR tumn outd AATEY #
Ao Bere = 2 glc}. webA developpe devant 2 A] LutE AlA) FE aE|n #E 43 o
A @A #F el HTo| 2aste AsET

AAY 554, £54 490 3ty x| @AM WA W E(moment)d] T A
Eax By 598 E4S 2ysied $2% 2424 B A Q3AS(Cappozzo, 1984
Shea, Lenhoff, Otis, & Backus, 1997; Leardini, Cappozzo, Catani, Toksvig-Larsen, Petitto, Sforza,
Cassanelli, & Giannini, 199)¢] gJsiA Ars o4 stof. 53 a4 @d F Y¥o] B(ball and
socket)—‘l WA oA, AHF 23, GI(greater trochanter)E %422 3|4 (circumduct) 2] $-A 9]

S Uehin, 223 w2 f4(helical)& AAF 23, Uiz oy 13 WA JH9] SALE
LERd T ]9¥ 2ol 342 BA9 gy sAYes WAHE B RUEY dF d7S2 dAd
Aeae %9 g e 714 dgsted F&stA AHEH 9*‘3}
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AAENA A 23 FAEe Adstn, G4 delHe FHEAE A8 dBAENA
$52% N7 F, 71FFEA(Global reference frame) 43S 59 FARES EYHLH,
QA 213te] ZH WA (RZE 0mm)E TRl 2 @A AFE AAETE 234 #A
DY) RAES BA37) 93 4t)9) 7} el(Panasonic WV-CP 650, Japan; 60field/sec)9} AR
71(AMTI, MCA6 ; 100Hz)E A}tz FAAs9 AWutd 2159 F7|8Ksynchronization)
& $27)(Visol, Korea)2 o] 2315ich. ol 7lsjale] MEx=ZE A7he 1/5000.2 nHAZAY. A%
o] AP T JHAEE A7 Al 59} 7] Developpe devantE A A|SHAT-
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de

3. otA el F&fnt

L2t
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EH

3ol

Ao

HPAEAA A8 B4 FYANLS HALstn, FAY volHY FPEAE Aa AFAENA
ZH) 5S¢ NNF, 71ZH %A (Clobal reference frame) A& $13t9 EANES FYsgen, &

B3} 3R 213 Sk 3F(LASIS, RASIS, SA)# 08%, A% 3149 18%(2y D)o 735 2H,

HIC-Hp Jort Cender
KUC-Kpee Jowt Center
AJ-hnkig Jont Center
ME-ME0QL Epxonayie
LE-Laval Epodhdie
Mht-Meda) Maliecius
LrLatenal Majieoss
CA-Cakanetts postenor
Sh-Senond Metatarsal head
® - JHUFLE MoE AU o2
W - Ry

Q- am o2

O% f. 2vhnt skx|e) ERUMAL okA L~k ACS(Thor et al, 2003)

LT(Lateral-Thigh)x GT¢ LE¢ 9FHY Z7txHd RaAsemn,  LS(Lateral-Shank)e
HF(head of the fibula)s} IM8] QA4 Z7kxHo] FY vARA 0mm)S 2HsQc) ol

B oulze M o] BAH F4 YA & Tylkowski, Simon & Mansour (1982), Andriacchi,
Anersson, Fermier, Stern & Galante(1980)c]] oj3jA] Fold ity A& o]&3}Yen, F&
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(1) =5ke] 29217

. _ _(RASIS— LASIS) p — (RASIS— SA)<(LASIS— SA)
27 [(RASIS— LASIS)| , = T(RASIS— SA)*(LASIS— SA)[ /

1p= hk,x i,

(LASIS= Left Anterior Superior Iliac Spine, RASIS= Right Anterior Superior Ihac Spin, SA=
Sacrum)

(2) e} AG#A

o — (RH—RK) . _ _(RH-RK)<(LT—RH) . _ .
‘= T(RH—RK)|» 7= 1 (RH-=RK)<x(LT—RH)| , t+= 7+ k4

(RH = center of the Right Hip, RK=center of the Right Knee, LT=Lateral-Thigh)
(3) 3= AqHRA
b o= (RK— RA) j o= (RK— RA)x(LS— RK) i Xk
$© [(RK—RA) 7 |(RK—RA)X(LS—RK)| , ts= 1% Rs
(LS=Lateral-Shank, RA=center of the right ankle)

(4) ol AAHEA

p — (RT=CA) . __(RT—CA)<(RA=RT) . .
TTRT=CA) . 77T 1(RT=CA<(RA—RD\, 1= 1 ky

(RT=Right Toe(SM), CA=Calcaneus posterior)

4 ¥ &HA #de EHEE AuyY dolHe E%HY HHE ol&d 9T
(inverse dynamics) sj2ug & AH&3hE Kwondd T2 g o §ate A2aRen, 2t £49 7
&9 Z7}45 9] A E Cardanian AnglesS Algste] AAREA ) td AQRTA £33
< ZFUG 3A) BAY BAHE A 4L b3 2o

£ k
Fien=—F,— ;:alng‘f' ;lmiai

( Frerivksh ko1 $40] olE wao) 7RiAE 948, F =49 w2l dojg m =iws)
2A9 A%, g3 4% WE, o siwA 240 A% TN 7EE)
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( Mppei=ksh ki1 BHo] ]2 AN T4ste ZWE HE, 7 =99 5389 4% %
Ao AH wtee] H8d 48 FAZ(the point of force application) 0. 29 HA] WE, 7444
=99 £49 2F SN kb k18 o] oo BH2Y 9 WH, 7 =9¢ A AF F

Aol A 32 dF F4oz9 947 9, “gg(liei)ﬁtﬂaﬂ B0l Z$E%o W)

o]} & AT WHE AAd = Y BHAM TAHE Y} EAZ AL A8t f-83)
A AHEEH, o2 WL A7 oY e A E(rigid bodies)2 o]FolA itk AAE )
A 7heshe, T3 NANE o) &S UL Wout 7sdttte 214E 7HtHZatsiorsky, 2002).

4, Xtz e

2 A e ey AL 349 FIEE uH7] Y8)A DLT(direct linear transformation)
A& 0|83 Kwon3d AXE¢]o](visol, korea)S A}43lgom, DLT waiiHES 97] YA 20
A8 BAES o1§39n, DT 349 8 AT4E Fush 244 54 899 ear o
0.14cmo) It 344] £4d HeJ& kwon3d$ body modeling softwareE Al&3te] Aojstgich 23
o HPg 3] AL Y] working lege] FEZE QHA B F 449 oPMEELFE
H|ZHA, e2-workinglegE £01&7 F&¢] A2 ZJY AA, eB-workinglegE 4Foz wWol ¥
£o] U= AAE A, ed-develope devant 52 oA working-legE Wel7] FA A4, 3749 =
H(1ZHel~e2, 25H:e2~e3, 3T He3~ed) 02 o] EAstgor, ¥d v X dojge
butterworth low-pass 235 Al-4-3lo] Hejgl3lda, of W) cut off-frequency= 6HzZ 473 3tQc}.

V. 23 9 =9

2 A7 97 F4¢ A3 AE AR LS 298 WA E 78 52 % Developpe devant
FHA A B RAES FAse doja AnE dgy 2o
0 312 wE RUEREHRH REUAY e <k I 2.
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#131K 2E oHEe| OlHEY HWRUD BEHA chel o N'm
Eu| =3 el e?2 e3 ed
X 4835+4.04 -53.62+14.60 -36.71+12.25 -35.69+9.55
la gy Y 1.06+12.03 -9+2.26 1.44+3.53 4.07+17.60
Z 1.59+0.07 2.94+2 86 1.93+0.62 0.3322.07
X 10467:19.96  -125.39+2091 1053312072 -110.67+32.97
75 #4 Y 293142522 25.3046.07 39.39+14.73 42.10437.38
z 2.65+0.01 7.15+6.85 3.35+1.58 0.75+6.17
X -66.63+10.30 -157.78+27.26 170901099 -204.23+66.82
Aol #d Y 137.76+57.77 161.11215.72 159.78+12.76 165.19+48.51
Z 277051 14.88+12.67 4024361 -510+14.17

* el-ZHAbA, e2-working legdF-&o] Htlg FIP A, e3-working legs]

devant 2ol A working legE &) 7] A 24

Fgo] AUz 44" A, ed-developpe

<E 1>oA vehd uiegl 2o] A A EHES A¥EY oty 2ok wE 3o Z=(dorsi
flexion)# A1 (plantar flexion) ZHE 9] W3lE el(4835N-m)sl|lA 2744 oF SNme] A&=F &
HEZ AAHAN} el AYHEA edrbA] o 18N-me] AZFzs EHET} Fade AR
Uehgth 23 sjee] gt AuEd <28 1 (a>9 Zo] e27tA] g Fol&de ‘pull-up’
AN AFE Zojgele FAAAN dehes T #g deo] vewton, ofd @3 dadyrt
ARG AHolmg ByFze] AFRa}r|g vlusn, B3] X719 vepks 843 Al

THWinter, 1995).
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Az olgo] BT & M-S 902 Wi A 20N FAY HF2R| EAETL FIeE
Ae E 7 °’°D% e3o| A ed7HA] %Jr-% 15}: Fle 1-"& 25 ZHE(% -32N-m°ﬂ*1

< e1(L06N-m)| Ht 62( ON- m)7]]r7«] d wHlE7} ‘ﬂ“gﬂ s18 45 LHZ% 2HES} E‘Q’*ﬁ%}% ,ﬂ%
T A9 e A ed7tA] ed(d.07N- m)P}F] Ax obd EHES} whERo g eyt <33
(b)>s} o] 2714 & & t}elE B0l £RO2H AFY o)F0] HUAN F #Y Fs IS Ve
yaoen, o & & 4§ S04 AFo)ES ke R AF FHJDANM Y BFe
WA ZHES §A3E A4S YRS 2 HJanice and Winter, 1995; Thor, Daina, Jacque & David,
48 A7LeE F ds 349 2719 Aolg Yehi2len, Janiced] Ao 2w A
AA et WA ZEEs F iR A3 Ul EdERY 303 § v, Thord] 9+
oA 3 % WA 45389 A BAEA =27 dehdohn o & AFIAE Janiced) o
T} fAe 235 YehRgen], o) Thore dte d@rlso] d7uldeldli, Janiced] F-ol
GAs} oAzte] FEgE PSR gt FEFE ddeE ¢ 2 A9 Janiced EF7F &
Al 2#E JET T AlSEh 2ol et dWE AFE st SHAE FASL
de Sdolmz Was o3 RAEZ}L wEeeld delyd. 8 Bael i (nversion), oY
(eversion) ZAES] WAL <33 1. (> 2o] eULIN-m)H e27h7) el ZHE Z7he} 7Hh
7 A wEE A Jehga glow, e2oll A ed7tA] Wiwl ZHEY} F 15N'm - SN-mAtolof A o
s A& ¢ & ATk w5 y-9A, Y-t BREE AA YEhd 9, ASES B
EE 37 veh} Developpe devant 534 3159 2% F AST 20| 3189 JAFS £
# By X(balance)& FAStEH TR A& AS € AN :
22 #H9 ZF(flexion)d} Al H(extension) ZHEQ W3 el(-146N-m-)olA e27}A] <k
2IN-me] 414 RulEJ} Z71elgom, edzbA] ¢ 15-20N-me] A4 FHEY} 2718150 <18 2
(@>s} #o] e271A9] AA RRAE A3yt T aTde] HolH o] HF o)FoR %
AA ZHE ZAE gujdt. a8y AF oFo] Bue e2dA AARWES} FHS] F7hehs
HHE HoAFy Slch e2o]A] ed7hA] oF 12090N-me] A4 RHEZ 231 JeS & & AN
G olel® Aske Hao] Be ABATS(Tom, 1998; winter, 195)9] o7 e 2%E vehn
Az, ol BEIoAe AAgo] AFRIINE AH FAHSE A7) AT g9 58] Y
Uzl fEolgt Agdth FERANM Wukvarus)3t oikvalgus) EHE Y ¥+ €1(29.31N-m)
ol A e4(d210N-m)7tA] Wt RAEL oF 13N-m F7}bshe AR ure}g}cu}.
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<™ 2 (b)>9} 2o elofA e2Atold] el AsFao) Yeted ole AFY o]Fo 2
M FEREY Ut RHES FH3] 448 Ao AlgEn, Janice and Winter(1995)¢] B o]
& ATEFANE AR T Ut ZUES 458 Yehigith 8 #89 123 (internal
rotation), ¢|=3|7(external rotation) ZHE S W3l e1(2.65N-m)ol|A] ed(-0. 7SN-my71A & Hale
HolZ] dken, <ad 2 (9} o] elolA ed7tA) WE EHEY} o SNmAE FE3HE Aoz
Uittt $E34 f23A ZdE 2 ubd, iy ZYEE 30~50N- mxgz;—;g Uehgon, A
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Fuo] #EY ZF(flexion)# A 7H(extension) EHES] W= el{-66. 63N-m) oAl e27tA] <k
9IN-m¢| 23 RWE7} Z7}81gon, e2o A ed(-150~-170N-m)7px| 2= E7} Agahe Ao
2 UERT <39 3. (>} 2ol AFY o)Fe] He etAE 27 EHE 2'Sl F7Fettht ed
A FAHE As ¢ 4 Atk olyF A n@d 2HEY AS —E’—%«I Aol S A
Huz F%59 ¥gst A9 genz xgdeve] Yt Roz Algdch 9] B4 )
H(adduction), | (abduction) ZHE ] Hale el(137N-m)oH ed(165N-m)7t2] WA ZHES} &
£33 Aog Ytk <2y 3. )9 2ol elold 27tA WA BHES} Assint 2 o
Al #a87] AFste] ed7hA] oF 150~170N-me] WA ZHEZ A48 A¢ ¢ 5 Uk 9yol
B 9] &3 H(internal rotation), 2]23](external rotation) R ES Wile F2 W& A B
HEZL Agde Aes veyer, <ad 3 (@M Rt ulel Zo] elR7N-m)dA
2(148N'-m)7t2] F W] s YehiRen, ol AF9 oA L& A45IHoE Aay
o, AFY o)Fo] gE e3dA ed7tA = o 0~IINmAEY WE3A ZEr} 83k AL ¢
T Aok 99e] A Y23 Y EHEE AL uig, YA ZUEE W2 A 150~170N-mAE 2
Helston, 23 ZdES 714 24 Jeld Developpe devant $2A] (&9} 59 sjghie 2
T 3 9Eol B Ad2o] 4AY JAFE Folw 1WA YHIE AL FozK WA
(balance) S A3l AS ¢ 4 Uk

oj¢ Zo] 9] A7E F5 B, Developpe devant T&A] BE9] sl 512 YRR
A AAZH 2529 osjM dH e BEzo] g #d ZREY IV 9gyo], 7, 22
A gog dgyton, 53] grjo] g WA 2ulEs} 34 Bago R sHay Fgo] 2
RAe & F AN o[} B F87)67 Asjo] g A ATFAEJustin, Shirley, 1988; Az}
D 192 ©17H, 19%6)2 FL&5ZA tum outd Yo BAA o]Fo|zol Fw, WY oJo]
BAHAA tumn out FFe] o]l e HedM T tum owtS FHA HW, WHE EE o
Hol, 83 Feizt A =Hn, F23 $E BFGMY 5F5H9 tum out A =Y bt
3o vpEo g s #Ad AsE BPAL F AL AolP QL)

ﬂ

-
fﬂm

o

V.2 &

2 A7 AE 74 248 dez F4 52 3 Developpe devant $2to] ot 24¢ B
stof 312 #d RHES EAg A3 X Y, ZF oA 24E ZHE F 9gjo] #yo wHE]
7V 3A deiton, 53] XF el wAd ERlE} A3 a4 deh 22 3E(REETY),
FEVA(EFD), 99] BEAD) BF A% 4 R 0L 259 o] Lo
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19§70 3% A48S At Ao Usgt E¥ WA RUES} 990, ¥E, 48 ¥4
&9 2712 P49} 319 tum out o] o) WRAMRE olFAHEE ¢ & AT T
A%} 24 gAE G A A 3

2}X  Developpe devant $2A WHA & B o5EE 25
o o) BWadty, =& gHsty ¢HAF tum outFAE A8t tum out FEA FEIY 1T
Ao o5 ATY AN F2 A 25 2EgHo) vh=A] Ha ¥ ol AlRETH
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