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ABSTRACT

Analysis of connecting joint angle and moment in arm landing action in Sports

Aerobics

Yoo Sil* (Hanyang Women’s College)

S. Yoo. Analysis of connecting joint angle and moment in arm landing action in Sports
Aerobics. Korean Journal of Sport Biomechanics, Vol. 13, No. 3, pp. 333-325, 2003. A relation
between the movement range of arms and arising moment has been studied to find out efficient
movement range to minimize impact concerning arm landing in sports aerobics. Four male
athletes who won top three in national-level sports aerobics competition were chosen for the
experiment. They were allowed to jump in between two force platform so that the right hand
and the right leg could land onto the front and rear force platform, respectively. The sampling
frequency was 200 Hz.

The main conclusions based on the analysis of the angle and joint moment parameters of wrist,

elbow, and shoulder are as follows:

1. The wrist moment was small when its angle was small, indicating that the dorsi-flexion of
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the wrist joint offered a positive influence to reduce wrist moment.

2. The elbow angle increased as wrist angle decreased and vice versa. This means that the
movement range of the wrist joint affects that of the elbow joint. The darsi-flexion of the
wrist iS the position to absorb the impact of the elbow effectiveiy rather than to absorb
the impact of the wrist itself. The impact is absorbed by the flexion of wrist joint rather
than the wrist.

3. The degree of moment transfer of the shoulder joint, having absorbed the impact from the
elbow and elbow joint, became dependent on the efficiency of the forejoints impact
absorption.
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A7) F A=e 580z ANYAY U8 $43 ddse) Tuolsd Fhes 48 ¢ gl
o, ol Arad 3FAN 23 delg 2 $49 NAH KHE 27 7] BEe) A4S s}
W wosl, TFY dgold 44 A7) B LEAAI A & At

5 B e 2 F70 0 Ysh(macrotraumatic)s} WA e FHo] 9T A
(micoraumatic) 2 FEY 4 Qed A Qe FA02 fuE A
22719 Lol AL RaAT A4Holn WEHO2 FA4L Fol FUHE FT vk A%
2 dolzs 445E 370 2 £FE WRHOR 9GS 7] WR T A A9 mE

A2Edy ¢ & s

“Er?l E’l%j&(merﬁscus) -%(artlcular cartilage), 3-7 }%S,I}(mtervertebra] dJSCS) oz ?:}E% A2 YA
BEY A BREL & $73%oeNE JAE B3

+F 3o s $A%S 2382 Ade A3 ‘434 Foe Lé 3 Lk ’ﬂﬂl A 9
#3to] ot 7“°]"4 “-}E}"‘} FHo] FHEE $5E FIY o AN vX = FE4FY aRE o
T71 A AA EEn B9 98y 299 BAske Aol u)¢ 288 YojciCollinss}
Whittle, 1989).
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385 9724 DeVitadh Skelly(1992)¢] 5 b4 B1Q]e] 2 (soft,
stiff) % ArolMe BEBAY A FLrldmrt AFR A 7%, A NAM 50%2 e
=, ZFAA LERAEL] uA F4-&o] F/kEe olfv WA - FEAZY JldEr} As
€ A% #Eol Aty 39 AFA} wERFY FAFSES Y ¢ Yvn Basty o
Zhang(1996)-2 39@7](0.32m, 0.62m, 1.03m)8] T2 Fo|oll A 37}A] 7% (soft, normal, stiff)& o843l
HFAFAE EYstded deinde 23R Mg 4 £2 RN gasty, 33t o7 F7)
3t FFHAVF Skt By

2 B AFedA R nasie 23] $342 gutall gelg ol 4d AN & FFol &
of wsts FApPgoln(f4 2002) 2Xxojojgula PN WA AAHRJE 7|€EA

ARAHQ SFHA g @Eﬂ' ZastEe 449,

Hd 2 dfeMe 2xzdojgulae A4 J4 FATAE FEY £ g 5849
ETFHAE AT F e 71297EA By AR $FHAY ojn T EHES})
wAE 4 'G}ﬁotq T2 FAY AL mEdte AN BAEHE WS 28T

LA oy

2 A7 e 2x2dolzua AZFRYE 39 o YA e GAMF 4geE
3t

E 1. o7 dARel AdE £4

(Shi]

:"L

4=} A {em) A% (kg) $E79
A 1704 60.2
B 1672 571
3do)
C 172.7 66.6
D 1705 614
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2 d79 RA FAE #FI3r] AHA 2019 14 HY L JivlelPeak Performance HSC
180-NM)E AH3tom DLTHYS o83t 339 RS "%3}7] 8 ®o] 2m, Zo2m, &
me] A9 FAHV-TENES 23 M 2019 AW 6 7|(AMI1 ORG 63)F
12¢4m tAo 2 HAsto i F AN Y Adrtyg = (ZOOHZ)K}‘,’&-O—‘#, AR Ase o
AR A ) GeoA T F xwgy] 42 AA3) Adde £3REH FA7 484
£ NAHA7AY Holg g wolsd AEE 3dz AA3 & KwonGRF version 1.0(Kwon, 1994)
T2IPE 0§43 ARG B 5L ALuAS A udAY 2EE Wi 43N
o g A 22% 12709 #EAHA mA(marken)S RHIG. 4 £EY FA FAH F

A F49 A4AE F3] AT AAEEA T(bOdY segment parameter)= Plagenhoef(1983) 59|

BEES o234t} 20y vYL Fvalld 98 ARE 33 AZTYQ] FH4H(cubic spline function)
£ o|&£3l4] 00052 HZo.2 BzMinterporlation)dle] FZ(synchroization)dl% 3, Butterworth 9
Ind order AYEH WE(lowpass filter)Z AE3te] AFQ AT ojmf 2T Ir{cut-off
frequency)= 6Hzz AR HATHMcNitt-Gray 9], 1994). ¥z F3 #»%g of slojA & the] A
W2 7] Aol HLaleo] QBEo] YFEo w] 9o, Q%] Ao AU Ao A3}
= 3Pt dAEA L Kwon(1993)0] 7ddt KWON3D 21& 01%5}%‘3}

A1 28 HEe Kwon3D dAEA =z a1 Kwon GRF version 1.03 o] g3ld &5,
%‘E‘ ] ﬂ”ﬂ‘*@«l Zeds} Auuwge Azsigen, Lab Views T2a#gsid ZHE §F
BARYMEE A2I819)

1) 2438 (Coordinate transformation)

HelA BE 3319 TUAEE BAFTAY 9FE 71502 A5 FFo] BEd &F
Ay 423 U B £5& R HEA Edo 2 AdF3EAZ NG o
g B A7 3¢ 9 AGFEARY Qo] AGARARLEZSAEAFTA FBA, RS TEA @

AZA AR, REABAZTA HFA)NE AHEEI 00, RIS AuwE o] 935 AA7)2, R,
R3, R4= ©5-3} o] 74t

r_\:

(1) R2 #EAY 39
Zh: £33 B9MEFINEY
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XK AGEA ] WH(7|AEH 9 ZhE cross productslel YA Xh3: & XhWE 7314t
Yh : Zh9} XW'E cross productdld @)W S L34
Xh : Yh¢} ZhE cross productdte] ©¥ e 7314t

@) R #EAY 3o
Z : SR Bl (71
X 3SR HEHIAE) Zus} ZfE cross productste] PA] XfS F XfE TR
Yf : Zf9} XfE cross productdle] S$iHEE 13IHT.
Xf : Yis} ZfE cross productdle] S¥EE F3ot

CRETZERE

Zu : FSEA Y A EH(71AE

Xu: & 479 &2 2+ WS /M98 XZd distq gPstez aYRAFTAY X5S
YA XuF & Xu'Z 3¢t

Yu : Zu$} Xu'E cross productdle ©rele]E 731yt

Xu : Yu$} Zug cross productdle] ©HES 3¢k

a8 1 XSEEA

(4) ¥ (Axis transformation)

F 709 FHEZ AA 3 A(relative rotation)S Al4HEH7] Y8te] U2 Z(Euler's angle)3} 7}
@Z}(Cardan angle)o] 7} o] 20l glEd, # @:r""ﬂ T 7127HE AMgstoH, & #EA 9
Z 9 E Alole] AMRHA Y& T3] Y3t 3 AWE 82 (rotational transformation matrix)$-
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(1) &394 2HE
Fg (additional external force) : x| Huhe
Fp : &89 29t 483 Y

M, EEFAGA &EAY Fise ZHE

Wi ¢9] 2

jn : ERAY FAHAM E58HE FE vector

e: 29 F4 A %A (Ground COP)E 33 vector
Tr : AWEHAA] G vlEE g

Hi: 249 4253 HE nisd 78

H=L-o, H=IL- @
M = juxFp + Mg + exFe + Tr = Hy

Mp1 = ﬁl - jplepl - EXFE'T;:'

(2) FEABE ZHE
Fo : A% 29w Z434 9
Fp : A 499 g8t 3
M; : ZEAJEAAN Ao FEse ZHE

My - £330 Ao 483 ZUE (Mo = Mp)

Wy @ ko] 2A
jz 0 ALY FAAN BEABAL g9 vector
jo ARG FHAN EEREE 3 vector

H, - 3¢9 2853 H,2 u¥sd 73

H2=Iz'(|)2, ﬁ2=12‘(;12

2M = jpxFp + Mp + joxFi + M = Hp

M, = H, - jp2xFp2 - jaxFa2 - Ma
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Mg : oA RAAA g AE3h= Zdl
Mg : SEAFLANA Gl A83he B
Wy @ Aeke] 74

js 1A FAAN AAREE e vector
joo AR AN TEAAAES FF vector

H : Age) 2958 Hhe v|Rale 7§

E
HE (Mg = -Mp)

Hi=L-w, 1:13=13'(;13
IM = jiaxFp + Mg + joxFa + Ma = H

Mg = Hs - juxFys - joxFis - Mas
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B 97E AZadolzuzg BHAA Be $EUAG oJn Bt ZHEstY BAS B4
Sed Utk & A7 Ash v £2, BEA, ARAY AN BAZAERA 2A
1 A% oo 2

e
Jto

Axol 2tTet THE

B A7N £2AE AT 4242 WE2TIE, Po] F4F AZZIWNE AL dulg
oh ZHE ghe T4 452 HLE A & B AF ]
dedl <k 2> &£ ARRAN Fj370) Qo ¢7 £2BAY Axs) BRET,

¥ 2 &3 2ol RulE

i

L}L

W &R 5 (degree) &2 E (Nm)/ weight )2 2 8N/ weight
A 11111 -0.66 4532
B 115.07 -0.96 43.07
C 12081 173 39.74
D 11591 1.9 77
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Nm /weight

I8 4 TEXA ZtHHe| 2tz mHE

274w A43E Ho) AW BARAES} ANA 3 olRe & A 2 Bz 3

$8A Aot 2HE}L 39 43S 3 FEo) A EAd tislA Hamill(19%6)e ZHE
7b avge hdAde Jow AFAT FAANE Hol} FAA o] Holgw A 7Y 8
g0 A4 F 3o, o] F AYE 7R AL W A4 E43 B3 FHe 2% 2 Ay

e
-
o

o)
2y

Sl o8 FAeAnn sy ode B ns XY B A7 F Co} Doy 1A
o) RHE o) 43 9Bl ¢ Ao ARUY.

E 3 EExpHe 2ret 2uE
:ll

(2hd

oAkl B2 2t (degree) B3 2] 2.9l E(Nm)/ weight
A 161.63 -14.21
B 152.23 -843
C 144.73 424
D 154.83 -11.59

BEANEE 2829 ATA7|9 Be O A1 4T AV AV 20 deg 2y 2
S BHEY BAE £3RBANG $AT FA0T BN 71 Ae CAA THES 7
B Ae e Byon, 4ut 7HE 2 AdA ZAE oA 2 e Y
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Ao AT AR APATR0] BERSE ARt HAA TAFA) 343 oz
oEae F¢ 4AUAY 2
29 52 2aA7A0KIT VAT )
HA Agahe SFIUAE Fal] A FAFA) oz o|Fahe A WA BrHDevita
9 Skelly, 1992). 7oA WA BAEE FxziolE BEA} FRANE Fe 2AHH, 3R
FHolE BEAE WHFE A4 BEL BT 2YolN Bk BRAATI} AL Cof mUET}
Vg A AR RS ¢ 4 AT EF A A% Co o) o2 mHES WA

E23 gRARde) e} s dehd e AN 32457} 4 v BEAZEE
AHoz AAT, Bz £24Es} 2 o BEAGEsl e Aoz BRAe) $5EAY B
AV £5H FPL vIAT 1eL nT Gy £REES A BAE W 2F
ARWES} 27 HAHHAT, olg iz £ETWEY} A P4 o BEATAES} BE AL
2 Uyt oRe 98 AZlH AFE DeVitash Skelly(1992)s] A7z BBFE o
A F5gol 218 W 22U Jl6Es 2 U JET QAVYIL T 5 glew BEHAA
EERAT BEADAY $TUAG 2AF4) g3 203 AR $4Y £ Jodd Arwh
2 A4 BARE F2F5Y) AP IS QAN £2BEY BEADHY $FUNY RAE
DAY PAE olafahe AL e FashTh 1 5 WA A5E0) BERAG $EAA W
WE Qolgthe AL HAN SBUAS 238 2IeA 1 WHoZH 28Y 2 7o) 2B
o 71812 Role} AW £2RAS 22aA) Q1 WEE AN AT A9 AV B
A o) AYHoz Bo) 22aA P, A%e Hoz 22 AYEs FEIe AL IR
A7k UE 22 R HAET 51940147, BRA FAANE BEAF} o= 8] o)y 23
37 9% o8y HEE S agel 784 FAF YolUA gt Aoz AZed. 3
SEUAY WL SRR FAFSUGE BRABAY 524 2AESE A AHE
JalA om, £5uT 23} FAo) YR BRAVEY TS Ta9 23S Tl Bk o)
£ £z Aude RYE e <2 oA vlms) ¥ o Ash B 797} Co D ueh &34
22 A AZET.
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3. OMHe| Zrof BHE

059 <# 4> = ARRAA A FF 0] dojue &3 AAAES BHED. A= ARE 3
T #EF MZ(transverse axis) + H-F Z(antero-posterior) - 522 Z(vertical axis)o} A9 5o BF
7hed Bt & dFdMe F3Y SA4E WYsto AdH(sagittal plane)o A #EE W gt
st
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