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ABSTRACT

As a single subject study, it was purposed to investigate kinematic differences between Yang Hak Seon vault (i.e., handspring
forward and salto forward straight with triple twist, Yang-1 vault hereafter) and Tsukahara 1260° twist with salto forward straight
(Yang-2 vault hereafter) in gymnastics. Yang Hak-Seon (23 years, 160 cm, and 52 kg) voluntarily participated in this study. Motion
capture system, consisting of fourteen cameras, were used to measure Yang-2 vault with the sampling rate of 200 Hz. Twenty six
reflective markers were placed on major anatomical points of 15 body segments. Successful two trials of Yang-2 vault were col-
lected and analyzed for the comparison. Compared Yang-1 results were based on the previous study of Park and Song (2012).
Results indicated superior linear kinematics of Yang-1 vault to those of Yang-2 vault before the touchdown of vault table. How-
ever, Yang-2 vault revealed superior angular kinematics to Yang 1 vault showing more trunk twist angle (a triple and a half twist)
and its faster angular velocity during the airborne. The Yang 2 vault could has advantage of increasing angular motion than Yang
1 vault as a result of a half turn off the springboard onto the vault table and a sequential touchdown of the hands.
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Sl HAAEE 19889 A1 SHES 7o R vis] & AFgom, 1§ I5HE Qg 71 tdstet aide
oA mgs 5ot F9addel dxsiint. 59 Zledn7t =R o] F o] HTHOh & Cho, 2012;
20123 HAAS o)A A4SHA (Yang Hak Seon [YHS]) A1 Yoon, 2005). 53] 20129 #HdLdIoA YHS AFe
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71%°] YHS A5
71] _&0}711 E] At ATt s IS B2
AAIARD Agge] t S/ srlgS 8l o] A7)
% Jhael AT Sl FAGM Yang 1 ®Th HnE

IS 71%0] B Bash Fch olo] wel YHS A%
E77h ¥ Bo] Sk Qo= 2§ A

£7](Tsukahara 1260° twist forward somersault,
o|= E_T,‘}oﬂ/q Yang-2 =207 /\}_QL) =2LS Jdsle] o
S}, A 2014 Korea Cup thgolM Hadoz
Yang-2 528 ARG} FIGZE 9143 tha] 7} ofufojA
2 7leRA obF FAEA X3

Yang-1 E22 S|54drEo] Moshe dom &30 &
7]+8 (handspring Al) 71&°]3, Yang-2 §2F =) A
FEo] Masl= oz £Zo E7] 73 (Tsukahara Al)
7]&olth(Yeo, 2003). URIIELS Yang2 &%) Yang-1
4 ool Ugh] WEe] o olgal And 7%z A
&1L Stk H Yang-1 E2l| i 7]e S 9Y
T4 Z8) U govk(Park & Song, 2012; Song et
al., 2013), Yang-2 ‘2ol thsh A7t skeAlof] e
HE7F §lo] Yang-190] W3] drhd O ofgfe 214 &
T A3

Tule] #S FHTT =RES HH Al 2 H|¢A
1 AFAIZRE SHsial o gS AASd) vEE 7t
Elgs C’Jdcbﬂ Ak Aol wwte] dAlolnt. T A
TAEL JEAo R 71&L F387] Yl =& 3%
Tt PeEzAolgty A zhahl 3 (Takei, 1998; Takei,
Blucker, Nohara, & Yamashita, 2000; Yeadon, King,
& Springings, 1998), Park¥} Song (2012), Lim (2004)2
ERE7E mEA ke Zlo] me FHEES dop]

slg Hhﬂ*o]au s

S = ]

e N Otﬂ

A5 at7] wwol =S "] &o= ske AR E
27 (blocking)®] FHEEE FAARC R Asksl= A4
A 7% 8]lolgt & 4 UTk(Yeo, 2003). Lee, Back,
Kim3} Kong (20052 o2 Trlof| X¢J3k= Kasamatsu
AN B850 A3 vpEE o] sialolgia Wkt AFgh
0 7&”‘33 HIE7] B35 At R84 IS5 Fa48%
o7 ASAT7IHA B HE eERITL siqich
2=7}8}2H(Tsukahara) A8 &2Hel, Yang-2 &2 +
&S Bol sAldl Trfel S =237 (handspring)
2k AL, Yang-1 2R ErpgEA7ke] A5 3

% || kol JFHER Trp HFo| o5 vde] ¥
omuu U424 ¢ tHDilman, Cheetham, & Smith,
1985). 3419, Dilman 5(1985)2] Az= 78 =rkLat

e Al @?Jri 2001958 vl A1 Erfelle 3
&S 7t Utk ofA7A] YHS A5 tide s 2vteket
AE Id= 5”(Yang-2 ExL)JJr sﬂw: =g AY e
EZ]’(Yang—l s o=skF o7 A v B3 =7
< A3k

wEhA . A7E YHS AFE Ao R g & AL
AATEA 71E Yang-1 2 AF+ZEZ(Park & Song,
2012)9} & AoA] A8 33 Yang-2 2 A3E
$E8H 02 H|walaAl sl 1 A9E ulgog o}
2] FIGO] SAEo] A 942 Yang-29] 7|3 v

£ Ao = *‘11157_ F& AAAM Yang-1 &2
o] zjolAe mlelsl SajukEl wnf 7% whde] £&
o] ¥} st

|| G s
1. 947 CHARRE

2 dTe 20125 Hdl SR Trp 5 S
X}°1 YHS A& thdo 2 it & A8 AAA 5
e Yol 2 3%1] 7] 160 cm, =54l 52kgs, A574E
14 o)}, Aol A AFEe 8ol oAst 22l

o ANHu BE FoHst AT Hel FoME Wtk

2. 4§

o
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Yang-2 &2 5782 Il 8ol A& el hdet
(Osprey®™, Motion Analysis, USA)9} 6the] 2] -9]-& 2
9|A :7hH|2H(Raptor-E¥, Motion Analysis, USA)7} A}
LA AAAFT AZE o) (Cortex 4.0°, Motion
Analysis, USA)E ©]&3le] 7igts 531, 944
552 200 Hz2 m*%}&l el dstint. 14the] 7|
e WH A3 7 T -] AA ] Tuh F
Zlof| A WA sl= BRA ”}ﬂ AA E4E Ha3s sl
(Figure 1). ¥3l= 52 A2 53 #4928 28 19 mm

Figure 1. Layout of camera installation and vault table location
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Figure 2. Maker locations on major anatomical position

HEAREA (Motion Analysis, USA) 2671E 3l 784 84
Aol F2A71 157] B2 A 2d-S AR5 th(Figure 2,
Table 1). A9#EA= A7 APFS X5, 3o
HES YE, 74 S 750= Aol 3449

S+
339 v YAAEE vlEgo R S|z z el
Matlab®(ver. 2003, MathWorks, USA)A 53 el

AREE sKAAL, W1 Aol= Yang-1 S22 23] H|awsl

Table 1. Detailed explanation on marker locations

Number Location
1 Right shoulder (acromion process)
2 Left shoulder (acromion process)
3 Right scapular (inferior angle
4 Right elbow (lateral epicondyle)
5 Right radial styloid process
6 Right ulnar styloid process
7 Right 5" metacarpophalangeal joint
8 Right 3™ metacarpophalangeal joint
9 Left elbow (lateral epicondyle)
10 Left radial styloid process
11 Left ulnar styloid process
12 Left 5™ metacarpophalangeal joint
13 Left 3 metacarpophalangeal joint
14 Right anterior superior iliac spine
15 Left anterior superior iliac spine
16 Middle of posterior superior iliact spine
17 Right greater trochanter
18 Right knee (lateral condyle)
19 Right ankle (lateral malleolus)
20 Right heel (calcaneous bone)
21 Right toe (2nd metatarsalphalangeal joint)
22 Left greater trochanter
23 Left knee (lateral condyle)
24 Left ankle (lateral malleolus)
25 Left heel (calcaneous bone)
26 Left toe (2nd metatarsalphalangeal joint)

I Park?} Song (2012)9] ATHES wEith
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A 57) 9l ol&aEEI e 1A Figure 2)
FH), Zuel 7ol weh A7 oA YA 2
Yang-2 (Tsukaraha 1260° twist forward somersault) 52}
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NE 97, 278 B e 27} Uk o AgE
% B3 W9 B0 BESIT AT A B
FNE TA 19, FAND AAZE 247
AU, 28 BF A F o2 2u
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4. Xz M2|et BN

71 =EEd dgs Hla et ol vt 2ol 6
M AR ol 23S Gt th(Lee, Park, & Lee,
2006, Figure 3).

* BTD (board touch-down): -5l o] gh= =7F

« BTO (board take-off): -5zl o] Hojx|i=

+ HTD (horse touch-down): =rjo] $=0] 2= 4=71

* HTO (horse take-off): =Rl 2E&0] o] 7+

« PH (peak height): A 2 H|oF 5 AAlE4le] #20=

Huge ol2= +=7F

* LD (landing): PiE®] o] Bh= =71

7h S thaE o] F8 AR Afe|E Aokt

« Pl (board contact): 5% H/EF FOE o] FF

2=
pozds

\
\\\...\
A
5 -l
A &
Y Q’f-"\
% ) A\
BTD BTO HTD HTO PH LD
P
P1 P2 P3 P4

Figure 3. Definition of major events and phases during Yang-2
techniques
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o] B =ZHBTDYH FEaelA] o] "ojx]=
ZHBTOY/HA

« P2 (pre-flight): Al 1 H|kCE FE30IA o] Hofzl
7HBTOYFH vl 9:Eo] g =7HHTDY/HA]

+ P3 (vault table contact): =r} HZF 7102 £0]
Lol Y= S7HHTDYE L8550 Zuls uus
SZHHTOYHA

* P4 (post-flight): #] 2 H|9fO® QEFo] wrlE Wt
TZHHTO)YF-E] A (LDY7HA

A AT E(Lee et al, 2006; Takei, Blucker, Hudert,

Myers, & Fortney, 1996; Takei, 2007y #=slo] 214
sHel Axet £& A48 ol9lo] tEH o] 7 Wl
=2 Aosiith

* 7487} (shoulder angle): “J¢k} E0] olF= Al

2
IAEZkhip angle): =WEe] FESS} tiES] $50]

o1FE Aty 7=

) &

o 758 AR Z(relative angle to springboard): + &
AEFHH SGoM AAFHF SR Fete HHE
XZ FARFR) Fht XF(FHF) = A
e & ABog AoR e AR GF o5
Eu} 22| Zh(relative angle to vault table): == A%
FAAAAM AAFAHOR Fehe WEHE XZ HHAR
Ayl FPGste] XFEHE) 02 AEe 2
Aot Ao® wwup 2R|7}k o] F7t
« 52| YE71Z(torso twist angle): JA7F XY HHO
2 599 A= XFH olF= ddizh

3

5. SA 2

B dAts A Agte]r] wiwe] 8 5AE F5t
3 2A AR 2 Baae AXG =8 V1S
Yang-1 52t A1 A3k (Park & Song, 2012)S 7o A
Alste] Yang-2 §2ta 2fo|HS ZrolH gt

m. & o

@ Al AFE AIFTE me- F7] v F24 T
Al (inferential statistics)& AAISHA] RaL T Hdh 23
Wz} ZE AAISAY. Yang-1 52F A3= Parka?t Song
(2012)9] AFAFo|3L, Yang2 2 A= A3olA
-2 Zlojtt.

1. 2HE AQA|Zt
= HE S QAI7RS <Table 259 UERATH A A1) 7F

Table 2. Phase time comparison (unit: sec)
P1 P2 P3 P4 VT
Trial #1  0.11 0.10  0.15 1.06 142

Trial#2 0.10 0.09 0.18 1.06 143

Yang-1 Trial#3 0.10 0.09 0.18 1.10 146
M 0.10 0.09 0.17 107 144
(SD)  (0.00) (0.00) (0.02) (0.02) (0.02)
Trial#1  0.08 0.11 0.17 1.10 147
Trial#2 0.10 0.10 0.17 1.07 145
Yang-2

M 009 010 017 109 146
(SD)  (0.01) 0.00

Notes: VT = vaulting time,
Yang-1 data were extracted from Park & Song (2012).

(0.00) (0.02) (0.01)

S Yang2 F&olA  146+0.01%, Yang-1 FZol|A
1.4440.02%2 Yang-2 53to] 0.02% A} +7HE 48
AlZko g A% A3} P4 A Yang-2 $2to] 0.023%
o AgFEen, e A= W 2|7t flSdth

2. UANBHe +H 75 2IX|

<Table 3> AAFTA FHF FHXE Uil
HYXE A EE BTOIA Yang-2 52H0.58+0.08 m)°]
Yang-1 520.67+0.05 m)Xth 9 em A= Ftch. AT
LDolA  Yang2 %2H5.51+0.18m)°] Yang-1 %%t
(5.23£024 m)E T}t 028 m 5 Wow o AA A}
ATk F=H 9R19] AL HID °o|F ZrlE o|F(HTO)
stHA ST HTOO A Yang2 &2F % 914
(1.89+0.04 m)= Yang-1 52(1.79+0.04 m)2T} 0.1m &
T o 43

AAFTA FAYXE AHEH BTDOA Yang2 52t
(0.84+£0.00 m)yS Yang-1 &2H0.73£0.01 m)=.t} 21254
A7} E=UTHTable 3). BTOONA F 71&0] M]3k =7
AAE HFoH, HTDOIA Yang-2 52F¢] 1.35£0.01 m,
Yang-1 &Zro] 1.31£0.07 m, HTOIA Yang2 %%}o]
2.01+0.02 m, Yang-1 &%°] 1.95£0.04 m= Yang-2 &
Zro] tha EUTh AT PHEF LDOIA Yang-2 F3to]
2.74+0.07 m} 0.70£0.01 m24 Yang-1 52 2.88+0.03 m
o} 0.86+0.13 mith W& 7 $XE eI HTOCl
Al FARE & FHoj=ol(PHYHAl 4712]E BH¥ Yang-1
B2 094 m, Yang2 522 0.73 mZ Yang-1 &%)
A2H| oA B E=A kTt
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Table 3. Horizontal and vertical displacements of the center of mass (unit: m)
BTD BTO HTD HTO PH LD
Horizontal displacement

Trial #1 0 0.72 1.24 1.83 3.27 5.50
Trial #2 0 0.64 1.15 1.77 3.01 5.05
Yang-1 Trial #3 0 0.64 1.14 1.76 3.04 5.14
M 0 0.67 1.18 1.79 3.11 5.23

(SD) (0.00) (0.05) (0.06) (0.04) 0.14) (0.24)
Trial #1 0 0.52 1.10 1.86 3.31 5.64
Yang-2 Trial #2 0 0.64 1.19 1.91 3.23 5.38
M 0 0.58 1.15 1.89 3.27 5.51

(SD) (0.00) (0.08) (0.06) (0.04) (0.06) (0.18)

Vertical displacement

Trial #1 0.73 1.00 1.39 1.96 2.89 0.95
Trial #2 0.72 0.92 1.30 1.98 2.90 0.92
Yang-1 Trial #3 0.73 0.91 1.25 1.91 2.85 0.71
M 0.73 0.94 1.31 1.95 2.88 0.86

(SD) (0.01) (0.05) (0.07) (0.04) (0.03) (0.13)
Trial #1 0.84 0.94 1.35 2.02 2.79 0.70
Yang2 Trial #2 0.84 0.94 1.34 1.99 2.69 0.69
M 0.84 0.94 1.35 2.01 2.74 0.70

(SD) (0.00) (0.00) (0.01) (0.02) (0.07) (0.01)

Notes: Yang-1 data were extracted from Park & Song (2012).

Table 4. Horizontal velocity of the center of mass (unit: m/s)

Table 5. Vertical velocity of the center of mass (unit: m/s)

BTD BTO HTD  HTO BTD BTO HTD HTO LD
Trial #1 7.61 5.62 5.09 2.82 Trial #1 025 4.14 3.70 394 -5.10
Trial #2 7.71 5.79 5.01 2.70 Trial #2 0.04 373 3.86 395 -5.13
Yang-1 Trial #3 7.83 5.93 5.13 2.70 Yang-1 Trial#3 -0.04 352 369 398 -452
M 7.72 5.78 5.08 2.74 M 0.08 380 3.75 396 -4.92
(SD) (0.11)  (0.16) (0.06) (0.07) (SD)  (0.15) (0.32) (0.10) (0.02) (0.34)
Trial #1 7.40 5.63 5.13 3.66 Trial #1 -042 289 376 391 -5.18
Trial #2 7.66 5.33 5.11 3.44 Trial #2 -0.87 334 353 3.76 -4.81
Yang-2 Yang-2

M 7.53 548 512 3.55 -065 312 365 3.84 -5

(SD) (0.18) (0.21) (0.01) (0.16) (SD)  (0.32) (0.32) (0.16) (0.11) (0.26)

Notes: Yang-1 data were extracted from Park & Song (2012).

4. UHBHe ¥

I

—
4

<Table 4>= AATA FHEES] ¥sE Yekith +
EFo| E012 W= Yang-1 F2H(7.72+0.11 m/s)°] Yang-2
52K(7.53+0.18 m/s).t} 0.19 m/s A= wWskch. spx|gk, 2}
A W& Yang2 F2H3.55£0.16 m/s)©] Yang-1 5%
(2.74£0.07 m/s)2T} 0.81 m/s U Wit} $345we] o
& HTO ©]Folx 23Tt &, HTO ©1F Yang2 &
2L &7 F435] SRR =rh HE belA

Notes: Yang-1 data were extracted from Park & Song (2012).

HEr HilE 2 EW Yang-l 2 —234m/s, Yang2
SZR —1.57m/sE Yang-1914 FHEE 7H5o] H Zint

5. MAISHe +5

I

—
4

2AFA FAEEe] WSk <Table 5> 2 VRt .
A A1l AR Yang-1 520] AU 724557} Yang-
2 &3] ghuoh Wttt BTOOIA Yang-2 “52H(3.1240.32 mfs)
o] Yang-1 %72K3.80£032m/s) BT} 0.68m/s =51 A 3t
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BTD BTO HTD HTO PH LD
20r- : :
Right shoulder

0 02 0.4 06 08 1 12 1.4 16

second
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000 - : .
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150F
o :
5of
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©

50t

Figure 4. Profiles of shoulder angles during Yang-2 techniques

HTOAN &= 2 xpo)E 0.12 msE E9th Erf = 3174
oA FZ&E HElE AwEW Yang-1 T2 021 ms,
Yang-2 52 0.19 m/s2 Yang-1 §3] 7k 2

Ak,

o

ARd Ztee 3 vE7] @ o AYRUES ZX5
A2 <Figure 4>E Yang-2 §2F oA =
Add HslghS Yel). <Table 6> Yang-1 &
23} Yang-2 2] FoAAE 2t Blughs el
BTO%-E] HTOZ}A] Yang-2 &%} A& 7to] Yang-1 52t
Az H} 29t SHA|RE PHeF LDOIA A2 st
Z=7F Uil Yang-13F Yang-2 53 25 LD <A ol
o} HAAAZ o] SAAERT} 8% o] itk Yang-1
Sl AA ANPR Trial 435 TR Trialol] ¥la) v
G 2R HAAES Ve

o)
o
N

7. OEHE 2z

<Table 7> Yang-1 522} Yang-2 %9 +8 AlA
¥ 2 uaEzte vlwdh <Figure 5> Yang-1 52+
HuAd 7+ VERda(Park & Song, 2012), <Figure 6>
< Yang2 & WollA &5 a3dzt Wsks Vel
FA#E 73S vws] 2 BTDOIA HTD7HA| Yang-2 &
Zto] Yang-1 &2 #EAZHET AUANE HTO o]F-ell=
Yang-1 &2 #E7tE ZITH(Table 7). HTOS} PHOlA]
WAshs Jadbd S A1dS AR, Yang-1 53R
E4 (HTO) AAd =S A&, Yang2 $4-2
HTO °o]% =3-& Al&slsith. ®3t Yang-1 52> PH

Table 6. Change in shoulder joint angles (unit: deg)
BTD BTO HTD HTO PH LD
Left 138 143 124 151 15 129
Trial #1
Right 128 127 116 147 22 77
Left 143 137 131 155 22 117
Trial #2
Right 135 122 119 152 66 47
Yang-1
Left 136 147 133 155 28 73
Trial #3
Right 139 141 127 155 72 21
M D) Left  139(3.61) 14233(5.03) 12933 (4.73) 153.67(2.31) 21.67(6.51) 106.33(29.48)
Right 134 (5.57) 130.0 (9.85)  120.67 (5.69) 151.33(4.04) 53.33(27.30) 48.33(28.02)
Left 111.56 119.91 106.74 106.25 18.89 106.36
Trial #1
Right 112.94 123.36 122.95 121.19 45.13 41.44
Left 112.08 120.96 105.84 107.39 24.36 104.54
Yang-2 Trial #2
Right 104.17 122.81 123.41 114.21 69.24 43.59
M(SD)  Left 111.82(0.37) 120.44(0.74) 106.29 (0.64) 106.82(0.81) 21.63(3.87) 105.45(1.29)
Right 108.56 (6.20) 123.09(0.39) 123.18(0.33) 117.7(4.94)  57.19(1705)  42.52(1.52)

Notes: Yang-1 data were extracted from Park & Song (2012).
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Table 7. Change in left hip joint angles (unit: deg)
BTD BTO HTD HTO PH LD

Trial #1 109 148 163 154 175 168

Trial #2 109 147 171 161 169 170
Yang-1 .

Trial #3 109 149 158 164 172 159

M (SD) 109 (0.0) 148.0 (1.0) 1640(6.56) 15967(5.13) 172.0 (3.0) 165.67 (5.86)

Trial #1 99.23 127.76 156.66 164.95 177.83 171.75
Yang-2 Trial #2 93.65 127.31 158.08 167.15 176.01 170.39

M (SD) 96.44 (3.94) 127.54(0.32) 157.37(1.00) 166.05(1.56)  17692(129)  171.07 (0.96)

Notes: Yang-1 data were extracted from Park & Song (2012).

El E2 _E3 E4 E5 E6
200
180
= R N S
- ~ = = >
160 /—\,—\ < N AN 2
Q
140 \
7
4 XA
120 / -
M
g
S 100
<
80
60
—
40
=2
20 T3
o
o 0.2 04 0.6 08 : o X 14

sec

Figure 5. Profiles of left hip angle during Yang-1 technique
extracted from Park & Song (2012). E1=BTD,
E2=BTO, E3=HTD, E4=HTO, E5=PH, E6=LD

BTD HTD  yro PH D
anp : 5
Right hip
D 1 1 1 1 1 1 ]
0 02 04 06 08 1 1.2 1.4 1.6
second
PH LD
Left hip
50t
D : : 1 1 1 1 1 1 : ]
0 02 04 06 08 1 1.2 1.4 16

second

Figure 6. Profiles of hip angles during Yang-2 techniques

o]Ze] Ao EWA|Wt, Yang-2 22 PH %29)] Alzlo]
2] = ${ch(Figure 5, Figure 6).

Table 8. Touch-down and take-off angles of board and horse

(unit: deg)

BTD BTO HTD HTO

Trial #1 70 121 25 86

Trial #2 74 116 20 85

Yang-1 Trial #3 71 116 15 86
M 71.67 117.67 20.00  85.67
(SD)  (2.08) (2.89) (5.00) (0.58)
Trial #1  63.78  94.19 4.54 62.57
Trial #2  60.94 99.33 6.49 62.39

Yang-2

M 62.36  96.76 5.52 62.48
(SD)  (2.01) (3.63) (1.38) (0.13)

Notes: Yang-1 data were extracted from Park & Song (2012).

7. 7EE XX|Z, =0 XXzt

<Table 8= 5 AAZ}3} Tl XA 7HE eI
TE53% AAZ BTDS BTOYIA Yang2 5322
62.36+2.01°, 96.76+3.63°% Yang-1 22| 71.67+2.08°,
117.67+2.89°H.0} 24T}, T=w} 2| A2k HTD2} HTOO
A Yang2 B2 5.52+1.38°, 62.48+0.13°ZA] Yang-1
E2H] 20.00+5.00°, 85.67+0.58° BT} gt}

8. SX| vIE7|H

<Figure 7> Yang-1 &32}(Park & Song, 2012) A}
o]3, <Figure 8> Yang-2 &2} Aot}

<Table 9>= 7 T2 F8 AFE A ¥E7124e
el BTDSF LDoA #}o]7b mH]gl o), BTO,
HTD, HTOYA 2 2}o]Z Ht). Yang2 T2 —7331+
17.65°, —137.6£31.3°, —116.7+42.2°% Y ERfo] Lnjoj
S0zt o Wi R HE7|7F S TRk ol
& o) WgEF vE7ge] EUT
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Figure 7. Profiles of torso twist angle during Yang-1 technique
extracted from Park & Song (2012). E1=BTD,
E2=BTO, E3=HTD, E4=HTO, E5=PH, E6=LD
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Figure 8. Profiles of torso twist angle during Yang-2 technique

9. A H|=

| Z==

<Table 10>& =A] B|E7] zZkEw2 Yebdch HTOS
A Yang-2 B2 220.64+80.43°/s% o] 7tEEE el
A wbA, Yang-1 52 -103.00+£86.54%6%2 29 72w
£ YehAATE PHOF LDOIA Yang-2 2R 1295.90+
24.92°/s9} 551.52+30.19°/s2A] Yang-1 52H] 1217.00+
117.46°/s9F 487.00+99.14°/s¥ T} Wi},

Iv. = 9
B A7E 321902 Yang-2 528 B8 5 Parkd}
Song (2012)°] Yang-1 52 A3} 58202 vl

Asdet .

Yang-1 22 A=~
o7tal EAlol| =S 1L I2jolt}, WhH | Yang-2 &
< 27fsket 7:ﬂ°ﬂi & 90° H|E0] Wmrpol] So7kL =

Adow £8 3 AAE Sapelth, 7% Wermd 7

AL =l dHo=z

24

Table 9. Twist angle of the body (unit: deg)
BTD BTO HTD HTO PH LD

Trial #1 -2 -10 -16 -17 244 1039
Trial #2 -6 -8 -14 -4 213 1049

Y1 Trial#3 -4 -6 -9 -6 199 1061

M 40 80 -13.0 -90 2187 1049.7
(SD) (20) (20) (@6 (7.0) (23.0) (110
Trial #1 -1.18 -60.83 -1154 -86.89 4125 1053.1
Trial #2 -8.12 -85.78 -159.8 -146.5 3862 1047.8

M 465 -7331
(SD) (491) (17.65) (31.3)

Note: Y1=Yang-1, Y2=Yang-2
Yang-1 data were extracted from Park & Song (2012).

1376 -116.7 399.12 1050.5
422) (82) (3.68)

Table 10. Twist angular velocity of the body (unit: °/s)
HTO PH LD
Trial #1 -18 1349 385
Trial #2 -100 1124 583
Yang-1 Trial #3 -191 1178 493
M -103.00 1217.00 487.00
(SD) (86.54) (117.46) (99.14)
Trial #1 277.51 1313.52 530.17
Trial #2 163.77 1278.28 572.86
Yang-2
M 220.64 1295.90 551.52
(SD) (80.43) (2492)  (30.19)

Notes: Yang-1 data were extracted from Park & Song (2012).

g AFEL Parkd} Song (2012), Yeo2} Ryu (2008) &
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13 HH]—‘}}Q_ Yang-l Ex]—o OJ;{-:_Q
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Az i

ZAI7H0.172)E
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AR ¥HE Yang-2 F2He Lnjo]
Zlo] HTOA| Yang-1 S2tHT} v
AL, PH7HA] F2d5=°]% Yang-1H
of Wdt}. o]FE% Yang-1 522 A 2 H|9Fl|A] Yang-2
AR AFHO R WA= F33]H (rotation)e] 2]
g Zlsolgtal & ¢ T

A4, v]E7] &A= Yang2 F2Fo] 4315tk
Yang-1 22 =22 Algo]7] ol Zrfel] HE
3P AehA (transverse plane) 2 BHYEHE B3 HIE7]
(twishE F7 = T fIUTh HZ YHSHFeR] A
JEIHE Ball Yang-1 $2h& AN o] QE<50] EH
o & 0 EoR e WHOE Frlolx Zgolu} H
71 48 weo] dioke S o F Uitk Blad s
£ 3 BW HTOA Yang-1 B2 (-2 HIE7]
7tEE, Yang2 42 HHY HIET] AEEE HY
Yang-2 2 Erp HJEFRAN F1g HIEV|E TR
of AL & F AUAgh sARE, Yang-1 T2 =0t
HE A FHHY AEEE A A XA
Parks} Song(2012) 172l 2]31H HTO °)F F(+)]
HIE7] ZHEErt AdE= AS &+ Uk

roF o] 58 W 7] HlE7] 7] itk 3%
Al A BlE7IE Y] W7l e AR, S
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qtH oz defA Uth(Hay, 1993). Y= =rjol] A
i APEE HE7] AEEE UAZAIRE, Yang-13 Yang-2
2 B e wRlel| osiA 4 HIETIE vHEY]
Aoy B 4 9t} <Figure 5>9F <Figure 6>°4] HTO
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O O
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