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ABSTRACT

The purpose of this study was to quantify kinematic and kinetic characteristics of Yin-yang Bo gait according to their motor
expertise, one of the Seokmun Ilwol martial art gait patterns. Yin-yang Bo gait pattern shows initial forefoot contact instead of
heel contact, and increased time of stance phase time, internal-external rotation of ankle-knee-hip joints and pelvic. It aims to pro-
duce and store the more energy through continuous homeostasis of center of gravity (COG) and performance of stretch-shortening
cycle. Some of these characteristics also were similar to the gait modification strategies for reducing knee adduction moment such
as toe-out progression, medial thrust, internal rotation of hip joint. To identify the characteristics, four factors of expert Yin_yang
Bo gait performance group were compared to that of none expert group; 1) angles of COG displacement and rotation 2) distal

joint pre-rotation in internal-external rotation of ankle-knee-hip joints and pelvic, 3) invariability pelvic potential and pelvic seg-
ment total energy 4) knee abduction moment. Six healthy(three male) subjects participated in the experiment to perform Yin-yang
gait pattern. Three-dimensional and force plate data were collected. Kinematic and kinetic data were compared between two
groups using -tests. Results showed that 1) the peak point of COG internal rotation angle was reduced in expert group, 2) knee-
external and hip joint —internal and pelvic rotation angle peak frames were more near points in expert group.

Keywords : Yin-yang Gait, Center of Gravity, Energy, Moment, Gait Modification Strategy
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= 2 AP} vl Ak ngRsRellE Juu
Wzt PgRe] 2HS B B FAF ATEC]
gP=lo] 23 YA THPerry & Burnfield, 2010), FF5-o]
WY E5G wasieol] tsle] naRAe] s)Zste.
A $EIH EE 959y o7 HaF ATE AY
Fo}2 5 gl

< ole} #ASE MYPATZ = <lAe] R S o]
&t defHo=m wajol YA FEHE e UAa
& -8t dF &8°] Atk (Miyazaki, et al., 2002;
Simic, Hinman, Wrigley, Bennell, & Hunt, 2011; Rutherford,
Hubley-Kozey, Deluzio, Stanish, & Dunbar, 2008; Zhao,
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et al., 2007b). Fregly 5} Barrios5ol| ¢5td ¥2 2
2 A el W 52 9 & F e ATt R
oh 2EBR T8 Z33 FAIKS A o]&e] F&
Ao g s & Atkal BES] th(Fregly,
Reinbolt, Rooney, Mitchell, & Chmielewski, 2007; Barrios,
Crossley, & Davis, 2010).

B3 F IgHAA e 1A 43S 3k MacKinnon
I Winter= A|A3h= el tisl] i1 COGe] A7}
7 47719 kA AR Ft A& FH B
el FolRZ, COGY HAAS k= 7Ixe T 9
2)e] Mel gzl o] o) Ftll o AgAL &%
t}(MacKinnon & Winter, 1993). Saunders®ll 2]3f A|A]
H B3 AAe] 7[A] 2908 M2 Ao AlA FAF
Aol F8E ZA7stal duA] &HE AR R, COGY
e, 3, B9 T8 T A CoGe dEgst Wk
Agke W3 g8 IA JMdeke ZoeE dEA ot
(Neuman, 2006).

shH BlSe] Ha HES W WA 2 W A
P BAsle], el H (Tai-chi gait)e] A|H Wk S
I B AdE 58 A7 At RAaEy|E St
(Wolf et al, 2003; Wu & Hitt, 2005, Wu & Millon,
2008). Tt el Bal HHEM O R, Go T2 HY
Al Q=A< v Uy 2 wstke] Aol oAl &
AAdgo] F= WA mHEE ZaAteE 23E(Go,
Hong, Lee, & An, 2013), Bae¢} Kime EjdE 7o)
A7) & AFeA AR b9 s 2 SR T4
¢k}, slA] 29 s, ANsHA gold 52 AAEHA
thBae & Kim, 2011). Hong(2010)S F-&¢] 4 tg
FEol 2 skA] #H] 259 54 AN FE
I Fake] ApolE H|wRA SISt M Folo] Byt
M= Bd Fe)Y e e FH Jw AT
(Sung, Choi, & Baik, 2001)2} Hy F&Ho & #-&4l
73 A= A7(Shim, 2008), *&F HW AT(Yuk,
1990) 5°] o} 3% Aol 2X|aL Sl

ol o] AaAollA HtRo] K Ay} W3 &8
o] ZHoA B3 IES AFsie AL Tas AJARo)
Aom, 7o) A FAES THE SEvet i
Hel 1a Heo] gk 254 2 J2E Fa
sirhar b

53] vt el SR fe 2o sid
of gk AAA AL AT E 72 A 2
gHjo] o]ojx Qa1 o], o]F SHEH o= AAslste] A
T 2 A= ofEge] okl & Zlott

SURRe HERe. 7 5 K] Fo AES F
23 AEjelld EE WARAF T SElE BlERA A2Y
° =

ol AXskes By seolt}. eyt dEele] ¢

ol

wrolgh Bal A SN durH & FH s A
B3l Aat AAE FAlO Quleh Fd F2elA 8
Aol HET(Yuk, 1990), ol#g FellEzte] E71HS
TR R FAEl Mgt Ao FHE & =
<o) & Aolr}.
B AT o] BA v gAM MedYe] YR
A F8 #HAE 5 AEiolA T AR s
< 53l IS HALES SHHeE AFAA
A FAS4 (center of gravity [COG])2] Aal 25 HH=
FHaslelax] Axl olFehs Bl wEle] 5HE Zh=th
e ] shRl AlEddTeore, “slre] 29 2}
A Wzol vHErEA, FA]71e] TRive] DALE)
=71 B o] & e XAE waA A wayrst
£t “SUHR(Yin-yang gait pattern)’S THE3ITH Foj <]
FEAU T 71 BY F il SlECE o A
REol o] HEghs HE + e EYPoE 2t} 2
= o FES oFF wO|a WHEAE B0 YELR
= SAlol| S WS H]AES]

5 nNE =2E=
& Aejgtomir W= g4
sl AWE WA Fo] 2Ty ke AAME FIHKim,
2003). Hse FHA]719] TRt "AaEe]) B B
He FES w7 SYE HlEe] 52 A=
2 etk Bl woME & A9 e Wt
ol z2] 2ol7] wite] Br1e] F2elA o e F
2o 7 ol FIEA] M9 Fzo] Tk F
A o] SEg- sjoF FTh(Yuk, 1990).

olgfst SRl FGHQ B EHoZ= A &
Aol Fo R Fo| FAFAS W Aduelx T 9]

Helsie] way $e] A mslel A%l ted 9
A s =3 wEg g, upEe) 34

< 3deh & IS wAAA B BElA & o]o]

g2 WEWA B olgsbl Hrk E shie] Faw

4o 23 e oA e XA 24 A 5L

St EUA A4 o5 W, FEe Iz 2T
1

A% ) RS AFL FEaA B,
B Aol HRAYTA g BAse]l S
et vsea gkl A4 289 HEHen §A8
t 8 Fasdse) B solds 2wk 3 AATAF
9] HAeE U} HARE WSS FHow,
wiof g e] S Aol et OGS At 25 W
9 FASE ool Z7HeT, olZle 1
g 2Ee sk na 24 A 489 5 9
2 AFsl 2 Rolnt.
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wepd AT ARUYTe) Sl nay
ARE APshs AOEA, Yokt 253 L 9%
| SRl Aedole] AT BES ¥l

o) 2 Aol Bt} sieich. ol %
w23 sglo] sk Bae] 23 HAL B
oA HEst 0% Aol Fo 5ol vhehd
nol AZhAR] WIS R WA B dow A
8 Thge) Al 7K Thae Agstel #Esant 5
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1. 47 CHARL

2 Q7o) nal AgelNE HEALTH FENS F
oy R v gl 2Hs) A U 4 2
9 ool w7

YA} 37 (male 1) &
o]

2= oo];
o7/l olste] el 3 (male 2)ys TFSE 1T

m m m m
A WODN -

(2 A ), 75 XA

W7 95 )
E6 9= 3 33 (2) (229 vl A, & Xz}
7] A1AH)
E7 9= 3% 13 3) (e dsA] #A|#], F= XA
7] &%)
E 8 < g 7] ; 1% 3] 19 4)

Table 1. Characteristics of subjects (mean+standard deviation)

Factor Height Weight  Age Career
Group (cm) (kg) (yrs)  (month)
Expert group 158.0 52.0 44.0 28.66
(n=3) +£7.00 £529  £1.73  +643
Non-expert group  167.66  62.66 37.0 5.33
(n=3) +4.51  £10.78 £7.00  *1.15
Total 162.83 5733  40.50 17.00
(n=6) +747  £958  £596  +£13.43
dze] el e zjols 58] sk FUTh

AT AR EAS <Table 1> 72t}

YR By g F719 YIRS <Figure 1>3 7

o By AXE 977

IC (Initial

Contact), LR

(Loading Response), MS (Mid Stance), TS (Terminal
Stance)?}, 7F7] PS (Pre-Swing), IS (Initial Swing),
MSw (Mid Swing), TSw (Terminal Swing)Z -3}
o (Perry & Burnfield, 2010), A1Zte] ol & 3] At
= 7o R 7 77ke] S4AQ] 8 events HERITL

P1 LR % 2= yd 452 I 7] & 4%
Q3|AS Akl 9 45% o] &
P2 MS o2d iz w7lef] o3 e TalA] #|A]
P3 TS o2 o& 450 Yoz o2 W wrld
ofsf| FakAl AA| A=}
P4 PS o2 & 9sxsle] 9 45° =S o
Ak Fmx] £7] Al
P5 IS gidh v w7]o] 2Ja) Q& Talx] A
P6 MSw 912 wk= Wi Ajzlsts skx] 2|2 FH
P7 TSw <& W 2% 450 U AdeollA] 9y,
A i W)= g AR A
2. MY HRet DMK F|
B ATE S8 FF A AAETE AXEHY e A
AUl T B F2HEA A0l B dde stk H3at
E2 AF A7l HA3 i disl Al AleE 8
Hol| Fogt &, 1B A ¥k 6m HYZE wE &
FEH e dES AFsidich SSEHe] FEget 54
S BHE 1AFoE AR B3 £5(0.15-0.25 m/sec)E
Zgslglom, o] &£ HE YA ukE A5 & B

33490 WA AS e wa ol v Ale] et
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P1 P2 P3

P4 P5

E5

P7

Figure 1. The Gait Cycle of Yin-yang gait pattern(Bone models of Yin-yang gait pattern in each event).

Figure 2. Marker placement & coordinate system

Fa A 24 S AF 1em® 78 AL
3PHE 2T wele] v vAS fl&l Y ZAE
A9 oln} MojA] FHoR AT, e e nAE F
281993, o7fe] 29 Zd-5-(acromion)el]l 1714 F-2}3}e]
o7l A4, T A T FEete #Fx 248 AR
ekt Aok Bd, e E | 95
B, 5 HE W 9S el S BRI F
HEe A A Eo|=2E 2G5k AduolA 2 AdE
=H(Anterior superior iliac spine[ASIS])*} & (sacrum)ol]
wAE FEsle] 13d S itk sHAle tiE S
a5 24, 75 #d WS Al viAE TR,
e A W QS A IEEA, Al 35E5ET 4
shl o] miAE HAtete] 7F BHES A

1tHe] & ¥ (force plate, Bertec, USA)] WHE 6 mo]
HYZoA FPAES Wz SR o] Hgs 3
3wk A=tk 6the] ZHEHOqus 322 5 series,
Qualisys, Sweden)’} J4E ZFEE Tl 33 I
HASSIAAL, YL Fu= 120 Hz2 AE9 Skt
7k mpAL] a9 F3E 72 Qualisys Track Manager 2~
ZEY O] (Qualisys, SwedenyE ARE-3I 0, QE4to] 3]
o AA] Al AHRFEE(GRF)S 57831

4

1

3. Hlo[e &4

1) BAEY Z=a9

SURH Ee] B PL Visual 3D(Version 3.90, C-
motion, USA) ZE2 TS ARg-ste] #4513t A&7
Ho]El= X-Y-Z rotation sequenceZH-E] E=EFO0H,
IRk] s AR AFAE FERZE ste] AN &
d BEHEE 29 24 Al digh #d FHe= A
o3t

HFrle QEwe] W Wr|HE o H o8&
2 27 HAH7A S 7]

malization)at>] XZol] FA|SHATE

b
N

r;lf

X el
AT A ZF AIZEAR HRICEA EHE(velocity),
49 (cadence), @R FAZ](stride length), FFA] A XA
ZH(double stance time), T3FA] A X A] 7}H(single stance
time) 5¢] ®¥Ql xolE HFLAl siginh. o3l Ha
gk 7] ' e A @RAAGE AR AR

Mo 7H 125E COGe #$- WY ol Zrksha
F8°e| Fo] FIsaL oyA|e] AR Hd FTlsIEE, &
AR B3 e o] =HlAFG o] COGY FHg- Mol ofw
gk zol7t Jepb=AE ERIeh] 918t ddoA &
COGe| &5 H9IE F HA ¥do= A3}, o] Hel
& 7t Aol Hga ¥ COG #$- W9 Ad ge] Het
A& ALkt

COGe| 3™ olre] 3d 5 W7t s
COGe] WaFdgto] golalA & ZojB=2, sz ne
THH e COG AT zlo]E Al WA Wglow A
Bt o] W1 ZF FJte] FFA M COGe| +HH
el W 2131 A el tigk HHEAE Ak

7Hd 22HY YR E Jrd uet YeEE
FE 29 HER olox= 7 B9 3 5o g
W= 2ol oju gk 2ozt Yel=AE g1 ¢
sto], FHHAA B FE3 73bd Fak 31 349 9
s AR IA SIS ol RS RISk Sl vl |
A MO =2A 7F #d 9 Fto] XAE wAtsAA] W3]

gD

oo oX rlo

r
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Se 3% el o) el 49 gl A
zeq 8 SR

74 3o Al WAl wslo ) Suy ®al 3
B v ge] ujs) Skt Jue] 97y) 7 9

o

rr |

3 A= ARl ols W FAHCE BE o mwl
E = E7H~—Xl glslr] S8 sl e 5
Zsilon, g vsA fjde] vs) S Hde]
FE o ®HE glo] ¥ Ivkske AE 4t &t
SATF.

8 = Z"* He dUAIE vk siA
Ast 2k B4 F oliAle] H- Ha
Ak o] WAL A oA Hul-FH B U
2z ioﬂ];]]] z]\:ﬂ_z]/\ 24;(4 7re

3) B4 A

SRy w3 sfielo] g 7} 33] Aol ohsf wHel
R ks ol A8 d¥e] Ads grsaat st
R, SEA Hek vsdzt Jot 7k ztolE gl
Al A WES independent-t testS AME3IATH FAH
]l o] < p<05E AAsI o™, FAXE = SPSS
12.00BM. USA)YS ARE-31STH

nm. 2 =
1. Time-distance H{QIEA

2 AdMe 7 Je 7F AIEAR Wl EA S
(velocity), -4-<(cadence), €= g (stride length), W3t
] AR A7+ double stance time), THEFA] A XA 7K (single
stance time) &2 WIQ] ZpolE AFsIth A=
<Table 2>9} 22t} #4437} AR o3k Zo|7t Lt
B 5o =A 7 et 7 AFsAZE AdsiA € A
© 2 yEhsth

2. COGY Z= Hg| ¢ dfsk Mst 20

SeA W vSEa) 9] coGel 3¢ 1Wsl Aol
2al7] $l8) B Aol # coGel WAz 9
72 =43 A3, <Table 3>3 o] COGE WA}
o Zhe v BAACR fol3 Aolg YERA %
Skek. W COGe] W A golge vaal] 99 4
el

Heol E CoGe WS 2 9= I Areg =43
23 WE 33 Ae SAHCE {3 2lolE UER
Th(p<.02). ¥H 913 34 zhes {213 2jolE UehiA]

Table 2. Differences in time-distance data between two groups

(*means p<.05 between groups) (unit: deg)
. Stride  Double  Single
Group Velocity Cadence Length  Stance  Stance

o L) Ty 9 o)

Expert M 023 1863 126 248 085
group D 005 400 005 060 0.8

None M 0.21 15.63 1.30 291 0.95
expert
group

SD  0.00 1.43 0.02 0.28 0.10

p 413 289 313 321 468

Table 3. Differences in COG rotation and adduction_abduction
angle between two groups(*means p<.05 between

groups) (unit: deg)

coc cog COG cOG

Group - - internal  external

adduction abduction . .

rotation rotation
Expert M 0.74 -0.41 0.77 0.74
group SD 0.04 0.02 0.05 0.07
None expert M 0.46 -0.68 0.65 0.75
group SD 0.35 0.25 0.58 0.36
p 0.246 0.136  0.020*  0.565

Knee-Hip-Pelvic Rotation

- ".‘_.-
F‘“-—-_ _.-A'H-. L —
3l Bl 131 151 181 21n7341 271 301

Internal / External Anghe)
; P
[ [

100%WGarntc YA

KEnee jomnt

pelic === Hip loint

Figure 3. Knee-hip-pelvic rotation curve

<Figure 3>3} 7¥o] < .
<Figure 3914 FE2@H0] )34 492 B o 73
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Table 4. Differences in frames of knee-hip-pelvic rotation peak
and knee abduction moment peak between two groups

Table 5. Differences in max-min pelvic potential and pelvic
segment total energy and knee abduction moment peak

(*means p<.05 between groups) (unit: N) between two groups (¥*means p<.05 between groups)
Group HE-KI PTr-HE HI-KE-PE KE-KAbM Pelvic Pelvic Knee
Grou potentiall Segement ~ Abduction
Expert group M 180 6.0 40.7 33.0 P Energy  Total Energy = Moment
SD 142 95 347 31.5 (Jule) (Jule) (Nm/kght)
M 2.96 3.47 24.1
None expert M 637 10.3 126.3 157.7 Eg’f‘(l?jg . 068 031 oLe
group  Sp 127 6.7 12.7 50.4 v 6.43 6.07 5'2
N rt . . .
P 0.015* 0558  0.039%*  0.030% one expe
group SD 4.02 2.66 0.78
note. KI: knee internal rotation peak frame; KE; knee external rotation peak p 0215 0.168 0.269

frame; HI: hip internal rotation peak frame; HE: hip external rotation peak
frame; PE: pelvic external rotation peak frame; PTr: pelvic transfer frame;
KAbM: knee abduction Moment peak frame.

e g3d BAE, FEHE] 93ld AHS B o
aEe YId AHE BT, ZRke 3 gxol
A A8 3l Ao g [T AAE] T Wi
A B o]2= ﬁ% HojF)

a2} <Figure 3> SFERo] F5 - xdd - 2l
o2 949 IREE WA Atk AMES YERNA
o, A FAACE FEadsy} yado] vl 9%
2& ME WAfshE AE BHAFAL Tk

A9 HEFE keSS £ S B 9

H, F5 Ao e 3d B el yie 3l 4
A, Z9re] 3)d A Fwre] W] 3" Hskd 7bzt
of A== Zede] FE Sk 7 e e 7F
AL Axstt. A3 7+ <Table 4>2 Jepyon, T+
AHoz 7|&sha vt 2t

1) ®¥3 F7] LR-MS$} PS-IS 7oA Wiy Y2
Uisld Ads a3 s g e ko] g W
AL ek 7k vlweA] FAHCE el 2pol7t YER
THp<.015).

2) B3 F7] MS 1kl =9k W9 31 HghEH)
Ty Y A Qs A =Zeld 7H4 A Ha 74

hLOﬂH BAFCE folgh xlolE YERNA] &Sk

3) B3 F7] TS 77k 75 Q31 Aix xad W
ﬁ?ﬂ A, agla 29k 93 g Alele] =g W
o A Het asERte] A Ao FAIFQ B g
g B oH(Figure 3), I 7+ HlRAM = BAHSZ
frolgk Zpo]7F YEFHTHp<.039).

W Fe Afolo] F-& o) RYlE 3
#Ad 75 3 B =g 7ke
léﬁx}ﬂ 739 ALl FAAR] K ¥
- RN FAHoR fFoldt
(p<.030).

Io] ek 2

éa L
s
rulo

8

R
i)
i 1l

Hzslslir A7 Bashs Aoz
A= FHashd Aojmz Fuke) X1U4£if%Ei4 Fo 1

a2 ghol AAEE =Ne] 9A AuA ARt »4
gk Aele] Aol wf& g Zol dSsiglon A3t
< <Table 5>} 7ro] ms&z}l FH(18.0 )2l 91X OJM
A s Fo] swat Jek63.7 1)o] AR 28] o)
TAHCE Fog AolE 1

) >P> Lo g mlm

2) 1 #4o ¥ dvA
549 2 v ’;‘ =] o] Huligkat A5t Aol
Aole BH @A FJde] Ag F oA S3pe] o

2 Z 607 T Bl =24 &
71% 6}11%, %741%49& %9 2ol YERAA] 29t

sy ua AR & U XA DANE Aol

< S7P7IRR o) 2Hl
e S Ao U ¥E
o BRIE ol Aol7k Yeht=A1E Bl flsto]
ralEe A 7FS 8| wstiT) j_gﬁ/], SoF
A% na A% 38 P TE 9H 2UE
7} 6.7 Nm/kg-hts LERAA W, <dzje} Ul%ﬁXP et
7k Blael e EERA} Ul A3 BAMCR fold

zJol = LFERIA] e¥oftt. Adl 7S <Table 5>9F 2t}

9|
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Wy we HEle] SEE LEASH 54 73]
Slal MG RAAY 2 BAolch, AR ABY vl
A QRS oo o ua PN £EIH 2Ees
2 Welol Ajolt UEhbeAE wefelel, 1 AnE Er)
= wolatnAt sl

1. Time-distance H{QI1EA

SR Aok mla Jeke AIZE-AR] #RleA] AL
A 25 BHof 7 Juk bl FAFHOR folgk A}
ol YERA ¥%oH, 41— 2F FeH0.23 mis)F vls
He(021 ms)e] B S Ao fARE 2102 et
Th dubdog Agadadlo]l YubARl Hal&E 133 m/s
(80 m/min)Z H=rhal & wf, 2 AFoA SR K
S I J"He B4 A dudeg e =3 22 m/min
of 140 HE= JPEUTE. B AdRle] 44719 #7t
7= 60:40°] H]& (%)= YERFARH(Perry et al., 2010),
2 AP SFEHNE FkA AR ©@siA] ZA]
71¢] Blgo] F ko] FASHA 75:259] HIE (%)= e
oy, FalA] ARk AF-8-(weight acceptance)
3} 2 (inertia)el] )&k COG94 $-315~87](load phase)”}
& 54E HolER o|F FAoE AvEH vg3 Ut

0

o

2. S HMEEHT COG HEEN

o

B3P Al COGe 45, 3, 3¢ &8 T A
COGe] g3t wak [Aslke wa §8-2 A /M=
o] B2 (Neuman, 2006), =429 1) sjele] COG ¥
skE BHstke Ae F8% 997t st

A Fof sHe 79 3Holv dTRe] FEE &9
2 sl HE oM (Kim, 2003), 2ol 71%3F SU%H
< A T8 #AES %iékﬂ COGE 9 A
2 olFste B3l HHo|lm=,
COG®] 25 M9y 34

EE

o2
T
e
lo
B
I
22
-0,
(i
i
rlo
0_|>:, oo 24

f&?ﬂﬂr W de] COG -
el =d msd e 7
74017} UERA] A F UP kil
1 91l 1” SAHCE Felgk Apolzt i

(p<.020). °|=X SUEY HI FHelo] COG W3F
glo] fojXo] =8-S Fo] H3Y &S ol ° 7]

o o U= 7Fsde BTt

_(
Yo
DI
o
=)
<>?~
rot M Jlﬁ‘
[JN

l‘lﬂﬁ

3. SYEY 2ol 51X

Ho| 3|HEY

gEs BANE S o188 A 2717} Seht o

7t o] g3t X 27Ktk A7 &5 W bl = o
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